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Abstract
The Sustainable Water Management Initiative is a multi-stakeholder process that the
Massachusetts Executive Office of Energy and Environmental Affairs convened in early 2010 to
seek advice on how to more sustainably manage the state's water resources. The initiative
followed growing scientific understanding of the importance of adequate instream flows to the
ecological health of the state's waterways, and several years of political mobilization and
litigation by both watershed advocates and water suppliers. The process consists of two
committees, one technically- and one policy-oriented, advising the state on its drafting of new
water management policies. While this represents an expanded commitment by the state
environmental agencies to stakeholder engagement, the initiative does not conform to all best
practices in the literature. For example, it does not give participants an opportunity to determine
the information they need and interpret it in crafting proposals, nor empower them to vote on
potential policies. The initiative does offer an opportunity to explore the influence that science
and the choices conveners make in designing a stakeholder engagement process have on the
potential for policy innovation within a difficult political context.
Focusing on process design and the role of science, this thesis hypothesizes that the
sources, management, and stakeholder perceptions of scientific and technical information
influence the prospects for generating innovative policies. Examining the ongoing work of the
Sustainable Water Management Initiative, it finds that questions arising in the earlier
development of watershed science have reemerged in policy discussions, that choices in the
management of information shape participants' perceptions of policy proposals, and that water
suppliers' and environmentalists' perspectives shape their sometimes conflicting and sometimes
congruent views of the science and its use in making policy. These dynamics have then
influenced the prospects for building consensus and promoting discussion around innovative
policy ideas that could move Massachusetts towards more integrated water resource
management. Thus, while the Sustainable Water Management Initiative does not conform to
ideal models in the literature, it includes enough best practices in the use of science for policy
making to enhance the prospects for water management innovation in the state.
Thesis Supervisor: JoAnn Carmin
Title: Associate Professor of Environmental Policy and Planning
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Chapter 1: Introduction
The Problem
As national and state governments work to address complex environmental challenges
like climate change, coastal zone management, and watershed degradation, new more
collaborative decision making approaches offer potential for developing innovative and broadly-
supported solutions. The literatures on integrated water resource management and consensus
building provide many models for how to reconcile social, economic and environmental values
in scientifically and technically complex conflicts. Expanding the engagement of actors beyond a
technical bureaucracy, these strategies seek to draw on the knowledge of a wide range of
stakeholders and build consensus around a shared agenda. However, in practice many factors
may cause the design and implementation of such processes to vary from ideal models. For
example, funding, time constraints, political considerations, or institutional practices many cause
conveners to adjust the design of a process to assume one of many different possible forms.
Whether by relying on existing sources of information, limiting the range of stakeholders
involved, or accepting only advisory recommendations from the group, such choices have real
impacts on the effectiveness of collaborative decision making.
The Sustainable Water Management Initiative (SWMI) is a multi-stakeholder process that
the Massachusetts Executive Office of Energy and Environmental Affairs (EEA) convened in
early 2010 to seek advice on how to more sustainably manage the state's water resources. The
initiative followed growing scientific understanding of the degradation of the state's waterways,
and several years of political mobilization and litigation by both watershed advocates and water
suppliers. The process focuses on the Massachusetts Department of Environmental Protection's
(DEP) regulation of water withdrawals under the Water Management Act, but also looks more
broadly at potential policy responses to stressors impacting waterways. The initiative is founded
in a series of United States Geological Survey (USGS) studies utilizing fish data collected by the
Massachusetts Division of Fish and Wildlife (DFW), and funded in part by the state. An internal
steering committee of senior staff from EEA, DEP, DFW and the Department of Conservation
and Recreation (DCR) determines meeting schedules, sets the agendas, and oversees the work of
state staff interpreting scientific and technical information for presentation at the meetings. A
Technical Subcommittee consisting of technically-oriented representatives of watershed groups,
water suppliers, consulting firms and state agencies reviews scientific and technical information
and makes recommendations to the Advisory Committee. The Advisory Committee comprises
more policy-oriented representatives of many of the same groups as well as academics and the
commissioners of each of the state agency involved. This committee is tasked with providing
recommendations to the Secretary of Energy and Environmental Affairs on sustainable water
management. Meeting monthly starting in January 2010, the committees' schedules now extend
through June 2011.
The design of the Sustainable Water Management Initiative has involved externally-
produced scientific and technical knowledge, state staff control over interpretation of the science
into policy proposals, incomplete separation between technical and policy committees, and
advisory input only by participants on the final policy products of the process. Nevertheless,
while achieving consensus among the participating stakeholders seems unlikely, the process is
exploring innovative policy proposals that could move the state toward eventual integrated
management of water resources. This study examines how the process's design shapes the role of
scientific and technical information: its incorporation from existing sources of knowledge, its
interpretation into policy proposals, and its interaction with the perspectives of stakeholders.
Water Resource Management and Collaborative Decision Making
The literatures on instream flow management, integrated water resource management,
collaborative decision making, and the role of science in policy making provide lenses through
which to view the scientific and political discussions in Massachusetts. But just as not all
stakeholders agree on the importance of instream flows, views on integrated management,
decision making processes, and the appropriate use of science vary among individuals and
organizations engaged in the water policy discussions.
Instream Flow Management
Improved understanding of the role that natural flows in streams play in supporting
healthy aquatic communities has been central to efforts to improve water management in
Massachusetts. A key article by LeRoy Poff and others in the mid-1 990s established what is
known as the "natural flow paradigm," the recognition that natural flow regimes incorporating
specific magnitudes, frequencies, durations, timings, and rates of change of flows are
fundamental to maintaing the biodiversity of stream ecosystems (Poff et al, 1997). For example,
many fish species rely on high spring flows for a certain portion of their life cycle and native
species adapted to natural drought periods may even rely on low flows to outcompete invasive
species. This conclusion spurred extensive work to develop metrics to define what constitute
natural flows, tie them to the needs of individual species, and establish minimum flow levels that
water managers might seek to maintain. A second paper by Poff and others defined what it
termed the "Ecological Limits of Hydrologic Alteration (ELOHA)," applying a dose response
approach to determine how much alteration of instream flows ecological systems can tolerate
(2009). These ecological theories and methods provide a basis for much of the scientific and
technical knowledge informing the SWMI.
Integrated Water Resource Management
Water management theories and practices in the United States and internationally have
evolved significantly in recent decades. Water management has traditionally been the
responsibility of top-down, technocratic organizations. The complexity of hydrologic systems,
their spatial extent and interconnections, and the expense of water-related infrastructure have
demanded expert knowledge and centralized control (Grigg, 1996). Nevertheless, there has been
a broad shift around the world toward greater collaboration in water management, both between
institutions and through public participation (Warner, 2007). This shift is tied to the concept of
integrated water resource management (IWRM), which seeks to unite previously isolated areas
of water-related decision making under a comprehensive, or at least integrated, framework of
decision making. Specifically, it seeks to integrate consideration of different water challenges
(surface and groundwater, quantity and quality), water management and spatial planning,
institutional responsibilities and stakeholder interests (Warner, 2007). As few, if any, institutions
around the world have sufficiently broad responsibilities, IWRM has in practice required the
coordination of policy making among numerous entities at different scales, both governmental
and non-governmental. A related thread is integrated watershed management, tying IWRM to the
renewed interest in building water management institutions around natural hydrologic units like
watersheds and river basins rather than 'arbitrary' political jurisdictions (Gregersen, 2007; Ruhl,
1999).
Practical applications of integrated water resource management ideas have raised other
fundamental issues around this area of policy making. By integrating the consideration of
traditionally siloed areas of decision making, IWRM promises to develop more holistic solutions
that create multiple benefits while reducing negative impacts on related systems (Mitchell,
2005). Nevertheless, commentators have noted the difficulty in implementing IWRM, and the
accompanying risk that an ambition for comprehensiveness will lead to actual decisions that fall
short. Therefore, some have advocated a distinction between 'comprehensiveness' and
'integration' in the implementation of IWRM, arguing that the integration of variables key to the
dynamics at question be prioritized over attaining comprehensiveness (Mitchell, 2005). Watson
notes a gap between the desired integration of decision making and the continuing
compartmentalization of water management agencies, and calls for greater use of new
collaborative institutions that involve a wider range of stakeholders (2007). Such models reflect a
wider development, the "democratization" of many areas of government policy making. As
many observers have lost faith in rational, technocratic approaches to decision making, demand
has increased for public participation in policy formulation and implementation (Ludwig, 2001).
The outcome is a policy making environment where decision makers are more likely to reach
across institutions and out to external stakeholders as they craft policy. However, Mitchell notes
that there can be a disconnect between IWRM's focus on larger, connected systems and many
stakeholders' familiarity with and interest in much smaller components of the same systems
(2007).
The European Water Framework Directive (WFD) is a principal example of a strategy for
integrating water resource management. The European Commission has adopted the WFD,
requiring its member nations to produce river basin management plans addressing in a
comprehensive fashion surface water ecology, water quality, and a range of uses, as well as
groundwater quality and quantity. The WFD brings together multiple regulatory areas previously
covered by different pieces of legislation, and includes the requirement that water pricing be
based on the real costs of supply. The creation of each river basin management plan involves
assessment of current conditions, analysis of human impacts and the potential for mitigating
them, identification of specific measures to undertake, and economic analysis of their cost
effectiveness. Public participation is a prominent component of planning processes under the
WFD, with the twin objectives of balancing different interests more effectively and promoting
the Directive's enforceability through transparency and stakeholder engagement and
understanding. Specifically, the WFD calls for consultation with stakeholders around draft river
basin management plans, documentation of decisions made in the development of plans, and
biannual conferences as forums for stakeholder discussion (European Commission).
Collaborative Decision Making Processes Around Water Resources
The trend toward greater integration and democratization of water resource management
in diverse settings around the world has led to the proliferation of formal and informal
institutions for collaborative water resource management. Steins and Edwards have defined such
multi-stakeholder platforms (MSPs) for water management as
decision-making bod[ies] (voluntary or statutory) comprising different stakeholders who perceive
the same resource management problem, realize their interdependence for solving it, and come
together to agree on action strategies for solving the problem (Steins and Edwards, 2008; Warner,
2007).
Warner examines numerous examples of MSPs to assess their effectiveness, compatibility with
integrated water resource management, and sustainability, concluding that their development is
key to solving complex water challenges, but that careful attention to their design is necessary to
sustain them and meet the goals of IWRM (2007). Multi-stakeholder platforms for water
management take many forms, varying in their flexibility, inclusion of non-governmental
stakeholders, consideration of human versus natural water uses, power balance, clarity of goals,
institutional support and resources, focus on innovation, mandate, and activity level. Another
important distinction is between MSPs that are initiated top-down by government, versus those
created from the bottom up, often with sponsorship from a university or non-governmental
organization (Warner, 2007).
Whatever their form, multi-stakeholder platforms for water management rely on
collaboration as the primary mechanism for problem formulation, information gathering,
analysis, decision making, and implementation. Watson cites numerous advantages of
collaboration in water resource decision making, including greater access to knowledge and
resources, space to explore different values, increased efficiency and flexibility, greater buy-in,
and improved relationships (2007). However, in the end government authorities usually retain
final decision making responsibility, so the key is how to most appropriately and effectively
incorporate collaboration into the process. The design of such collaborative processes is crucial
to avoid numerous potential failures, such as perception of bias, irrelevance, lack of outputs, and
participant burnout. According to Watson the key attributes of any multi-stakeholder platform
are that it have a shared vision, adaptive capacity, sufficient resources, independence, balanced
perspectives, an orientation toward action, and a framework for the monitoring and evaluation of
its outcomes (2007).
The Roles of Science and Values in Policy Making
Scientific knowledge is central to the resolution of water management challenges, yet its
role is far more contested than the traditional image of an objective body of science would
suggest. Science would ideally provide clear, uncontested information for policy makers to
consider alongside other social, economic and political considerations. However, the
environmental movement of the past few decades has repeatedly demonstrated the limits of
scientific certainty, the influence of non-objective values on scientific conclusions, and the use of
science to advance positions (Ozawa, 1996; Lynn, 1986). Ozawa describes four roles for science
in environmental conflicts: for discovery of knowledge, a means to ensure accountability of
decision making, a justification for decisions made, and a method of persuasion (1996).
Recognizing the less than objective ways in which science is used, the question is how to
productively incorporate it into decision making, particularly in collaborative settings. Lynn
advocates that scientists' and decision makers' roles be carefully defined, with scientists
providing information and social scientists and policy makers deciding how to balance that
knowledge against non-scientific factors like political and economic feasibility (1986). In
contrast, Ozawa advocates that scientific inquiry be integrated into consensus building processes
through joint fact finding, wherein stakeholders in an environmental conflict together define a
problem, map out questions they need answered, locate sources of expert knowledge, and
carefully build up a body of shared understanding to use as a basis for decision making (1996).
In this view, science should be neither a passive source of information nor an arbiter of
contention issues, but instead a tool for building creative solutions integrating scientific
understanding with the full spectrum of political, economic and social values stakeholders bring
to the table (Ozawa, 1996).
The Puzzle
The central questions of this thesis, then, are: 1) How does the role of scientific and
technical information (meaning the development of science, the management of information, and
interactions with stakeholder perspectives) in an applied collaborative decision making process
shape the potential for developing innovative policy solutions? and 2) What insights from the
literature resonate in practical experience, and how can the messiness of a time- and politically-
constrained decision making process in turn inform the literature?
Methods
Case Selection
This thesis explores the roles of science and decision making process design in promoting
innovation through an in-depth case study on the ongoing Massachusetts Sustainable Water
Management Initiative. The initiative represents a collaborative policy making effort convened
by a state government and based in a body of scientific and technical knowledge developed over
a decade. It reflects many of the concepts of integrated water resources management and
consensus building, while falling short of the ideal practices each of these literatures would
recommend. Rather, the Sustainable Water Management Initiative presents an example of policy
making for water resources in a highly politicized context, with a statewide rather than basin-by-
basin focus, wide but not complete inclusion of stakeholders, retention of convening and process
design powers by state agencies, facilitation but not full mediation, and a grant of advisory
decision making power only. This case is therefore an opportunity to explore a practical
approach to collaborative decision making both on its own terms and in reference to models in
the literature. It is also an ideal space for observing the sometimes-messy interaction of scientific
knowledge with stakeholder perspectives to together shape environmental policy. Other
important factors in my selection of this case were my proximity to the meetings, and access to
key stakeholders through an internship with the Massachusetts Water Resources Authority, a
participant in the process.
Data Gathering
The principal sources of data for this study are a set of semi-structured interviews with
government officials and stakeholders involved in the process; direct observation of several
meetings; public documents such as websites, meeting agendas, meeting summaries, and
presentations available online; and other scientific, technical, and policy documents that have
figured in the discussions. I conducted fourteen in-person and phone interviews in January and
February 2011 with individuals involved in the Sustainable Water Management Initiative,
including government officials, water suppliers, watershed advocates, and an academic.
Interviewee selection reflected observation of meetings, research on institutions involved, and
advice from other interviewees. Key objectives in conducting the interviews were to understand
the sources of scientific and technical information, the mechanics of the process, the range of
perspectives in the debate, and participants' thoughts on the prospects for crafting innovative
policies. The interviews covered the individuals' particular roles, their views of the sources and
uses of information in the process, the interplay between science and values, and the prospects
for both consensus and innovative policy solutions. I recorded all interviews and later transcribed
them, in whole or in part, in preparation for analysis. I attended several Sustainable Water
Management Advisory Committee and Technical Subcommittee meetings to listen to the
presentations and discussions. These observations provided insight into the ways state staff
framed the agenda and questions for debate, how they articulated scientific and technical
information, the personalities and interactions of key stakeholders and coalitions, and reactions
to proposals by state staff and other parties.
The Massachusetts Executive Office of Energy and Environmental Affairs' website
contains a section on the Sustainable Water Management Initiative, with an explanation of its
purpose, profiles of committee members, and an archive of public documents related to the
process. Other resources informing the study include United States Geological Survey reports on
Massachusetts water supplies and ecosystems, state water resource and policy documents, and
web pages and position papers provided by stakeholders. The USGS reports are the peer-
reviewed studies that provide the foundation for this effort at scientifically-based policy making.
The state and stakeholder documents provide context for the Sustainable Water Management
Initiative and corroboration for facts, allusions, and arguments made by interviewees and other
participants in the process.
Data Analysis
My analysis of the data focused on drawing out patterns, specific cases, and insights from
the record of the Sustainable Water Management Initiative, my observation of meetings, and the
interviews. With the agendas and meeting summaries available online I tracked the history of the
process, the role of scientific information, and debates over scientific questions and between
stakeholders with different perspectives. Both here and in my notes from attending meetings, I
looked for details revealing the role of science and non-scientific values in the process, such as
assumptions inherent in the state's framing of studies, the reactions to divergent perspectives,
and particular points of contention. I analyzed the interview data by first reviewing my notes and
recordings to pull out themes and facilitate my recollections. I then selectively transcribed the
interviews to build comparisons between different interviewees' responses, better understand the
nuances of their responses, and collect illuminating quotations. Wherever possible, I cross-
checked individual assertions with state water management documents, records from the
Sustainable Water Management Initiative available online, and my own observation of
committee meetings.
Outline of the Thesis
This thesis examines the role of scientific and technical knowledge in the Sustainable
Water Management Initiative, from its development over the decade prior to the decision making
process, its use within the design of the initiative, and its interaction with the stakeholder
perspectives influencing this multi-stakeholder discussion. Analyzing the interplay between
science and policy at each of these stages, it seeks to understand what roles information and
process design play in crafting innovative policy solutions. The thesis is laid out as follows:
Chapter 2 provides a background on the political and legal history of water management in
Massachusetts, as well as the development of watershed science in Massachusetts, highlighting
key insights and approaches that have entered policy discussions, and have at times come under
criticism by stakeholders. Chapter 3 summarizes the specific sources of information that the
SWMI has relied upon, and outlines the flow of this information through the SMWI, identifying
key challenges that state staff and stakeholders have confronted. Chapter 4 examines the
interactions between scientific and technical 'facts' and the perspectives that stakeholder hold,
focusing on the implications of these interactions on the collaborative decision making process.
Chapter 5 draws on convener and stakeholder reflections on the process to evaluate the prospects
for innovative policies emerging out of this process - with or without consensus. Chapter 6 draws
on the preceding findings to answer the research questions posed in this thesis.
Key Findings
This thesis asserts that within a collaborative decision making process, the sources,
management, and stakeholder perceptions of scientific and technical information influence the
prospects for generating innovative policies. Examining the ongoing work of the Massachusetts
Sustainable Water Management Initiative, it finds that questions arising in the earlier
development of watershed science have reemerged in policy discussions, that choices in the
management of information shape other aspects of discussions, and that stakeholders' different
perspectives inform their views of science and its use in making policy. These dynamics have
then influenced the prospects for building consensus and promoting discussion around
innovative policy ideas that could move Massachusetts towards more integrated water resource
management. Thus, while the SWMI does not conform to ideal models in the literature, it
includes enough best practices in the use of science for policy making to enhance the prospects
for water management innovation in the state.
Chapter 2: A History of Water Management and Watershed
Science in Massachusetts
The Politics, Law, and Policy of Water Management in Massachusetts
The Massachusetts Sustainable Water Management Initiative (SWMI) follows a long
history of water management in the state, evolving regulations under the 1985 Water
Management Act, over a decade of increasingly sophisticated watershed science, and several
years of political conflict. Growing recognition that human impacts on the state's water resources
had significantly degraded aquatic communities led environmentalists to advocate for tighter
regulation of water withdrawals. More stringent permit conditions and uncertainty around the
approval of new water sources led local officials and the water supply community to push back
against the increased emphasis on the environment. Investing in a series of watershed studies that
reflected and contributed to the state of the art in watershed science, scientific and environmental
agencies at the federal and state levels built a base of knowledge to inform more effective water
management. However, political consensus remained elusive as new more restrictive permits and
proposals to change the calculation of permissible water withdrawals triggered political uproar
and soured relations between regulators, environmentalists, and water suppliers. The SWMI
marked a significant new investment of financial, staff, and political resources under the
administration of Governor Deval Patrick in the fall of 2009 to try to develop new, more broadly
supported and sustainable water policies. A bold statement of participatory policy making with
two large stakeholder committees advising three state agencies under the Executive Office of
Energy and Environmental Affairs (EEA), the SWMI nevertheless builds off other precedents of
stakeholder engagement on scientific and water policy efforts in the state.
This political and legal history, coupled with the spectrum of stakeholders engaging on
water issues, has greatly influenced the choices the EEA and state agencies have made in
designing the SWMI. In particular, it has informed their desire to have the process firmly
founded in science and their decision to make the Advisory Committee's role one of providing
recommendations for the state's consideration in issuing policies (State manager, 2011). The
stakeholders' experiences over this period have shaped how they perceive the scientific and
technical information in the process, the state's use of it to build policy proposals, and other
participants' reactions to the same. The seemingly intractable debates over this period have also
increased stakeholders' willingness to try a different kind of decision making process and seek
innovative new policies that might improve water management while meeting different parties'
interests.
Historical Water Management
The condition of water resources in Massachusetts reflects the long history of human
settlement and economic development in the state. Waterways provided sources of water supply
and assimilated wastes, while hydropower helped drive industrial development in the region. The
high density of dams in Massachusetts, with an average of one dam per 6.7 stream miles, is
exemplary of the extensive alteration of the state's rivers. Groundwater development, transfers of
water between basins, clearing of forest, engineering of stream channels, construction of paved
areas, installation of septic tanks, and commercial and industrial chemicals all impacted aquatic
ecosystems as well (Weiskel et al., 2010). Communities around the state developed ground water
and surface water for local use, while a series of different institutions culminating in the
Massachusetts Water Resources Authority (MWRA) developed water supply infrastructure to
deliver drinking water from river basins in the western and central parts of the state to the Boston
metropolitan area (MWRA, 2006). The 1972 Federal Water Pollution Control Act Amendments
(later known as the Clean Water Act) established strict federal standards over the quality of
surface waters in the nation (Ashford and Caldart, 2008). While the Act gives the federal
Environmental Protection Agency (EPA) some limited authority over the quantity of water in
waterways, the states have retained principle authority over the management of water supplies
and in-stream flows. The Water Management Act, passed by the Massachusetts state legislature
in 1985, established the current system for regulating water withdrawals (Breckenridge, 2004).
Water Management Act of 1985
In 1985 the Massachusetts state legislature passed the Water Management Act (M.G.L. c.
21G or WMA), a statute that provides the primary basis for state regulation of water withdrawals
and instream flows. Passed in the wake of significant droughts, the act replaced part of the
common law governing rights to surface water and groundwater in the state. It directed the
Department of Environmental Protection (DEP), with consultation from the Water Resources
Commission (WRC), to recognize large existing water uses through a registration process, and
institute permitting requirements for proposed new withdrawal sources.' According to the DEP,
"[t]he purpose of these regulations (310 CMR 36.00) is to ensure adequate water supplies for
current and future water needs" (MDEP). New permit applications trigger a review process
scrutinizing the public and economic value of the use, and potential impacts on other water users
and the environment (Breckenridge, 2004). The WMA prohibits new permits where cumulative
withdrawals would exceed the 'safe yield' of the basin, defined as:
the maximum dependable withdrawals that can be made continuously from a water source
including ground or surface water during a period of years in which the probable driest period or
period of greatest water deficiency is likely to occur; provided, however, that such dependability is
relative and is a function of storage and drought probability (M.G.L. c. 21G Section 2).
Registered water withdrawals, on the other hand, are not limited by any safe yield calculation.
Moreover, there has been much controversy over how the DEP should interpret the statutory
definition of safe yield above when evaluating permits applications. The act requires the DEP to
consider the water quality, ecological, and recreational values of instream flows (Breckenridge,
2004). However, the safe yield definition itself speaks more to the physical availability of water,
rather than explicitly identifying the need to maintain flows for environmental purposes.
In a critique of the Water Management Act, Breckenridge argues that by quantifying
rights to water withdrawals while establishing only narrative safeguards for instream flows, the
WMA leaves ecological needs for water unprotected (2004). Moreover, while the statute speaks
in broad terms about a longer vision of a comprehensive framework for managing water
resources, the regulatory regime it establishes is fairly narrowly focused. The DEP has wide
authority to impose conditions on new permits, but little or no power to regulate the existing
'registered' withdrawals, new smaller withdrawals, or non-consumptive uses of water.2 Land use
practices that profoundly influence the demand for water and sewer services and impact water
1 According to a DEP fact sheet on the WMA, "Withdrawers typically requiring a permit include public water
suppliers, 18 hole golf courses, cranberry growers, ski areas, sand and gravel facilities, fish hatcheries, agricultural
and industrial users" (MDEP).
2 According to a DEP fact sheet on the WMA, "Permit conditions may include installation of meters, conservation
measures, Zone II delineation for public water supply wells or safe yield determinations for public surface water
supplies, the implementation of wellhead protection measures for public water supply wells, wetlands delineation
and annual monitoring, and withdrawal reductions during times of low streamflow" (MDEP).
quality and quantity in rivers and streams remain under the regulatory control of local
governments with only minimal state oversight (Breckenridge, 2004).
Interbasin Transfer Act of 1983
The Massachusetts Interbasin Transfer Act of 1983 provides a second source of statutory
authority limiting water withdrawals that would move water away from its basin of origin
(MDCR). Proposed transfers of water across the boundaries of designated state planning basins,
or outside the boundaries of a given municipality require Water Resources Commission
approval.3 The WRC conditions such transfers on prior demand reduction measures, alternatives
analysis under the Massachusetts Environmental Policy Act, and the protection of "reasonable"
instream flow (Breckenridge, 2004).
Building a Body of Watershed Science in Massachusetts
The Sustainable Water Management Initiative builds on a foundation of scientific and
technical information about the state's watersheds developed over the past two decades by the
United States Geological Survey (USGS), the Massachusetts Division of Fisheries and Wildlife
(DFW) and Department of Conservation and Recreation (DCR) (previously the Department of
Environmental Management), and the United States Environmental Protection Agency (EPA).
The motivations for this work were various, but together the studies and decision support tools
built off each other, creating a community of scientifically literate experts and, by extension, a
wider community of water professionals aware of the sustainability challenges around the state's
water resources. Water policy discussions influenced the course of the scientific studies and
increasingly reflected the insights and concerns the research communicated. The reputations of
these organizations for scientific integrity and their inclusion of key stakeholders in appropriate
aspects of the studies contributed to the overall high level of respect accorded to this body of
3 The Water Resource Commission is "an appointed body comprised of the Secretary of Environmental Affairs, the
Director of the Department of Housing and Community Development, the Commissioners of the Departments of
Conservation and Recreation, Environmental Protection, Fisheries, Wildlife and Environmental Law Enforcement,
Food and Agriculture and the Metropolitan District Commission, the Director of the Office of Coastal Zone
Management, and five public members. DCR's Office of Water Resources acts as technical staff to the WRC"
(MDCR).
knowledge about the health and dynamics of Massachusetts' water resources and aquatic
ecosystems. However, the development of watershed science in Massachusetts also surfaced
challenging scientific and technical questions that policy makers continue to grapple with in
shaping and building agreement around more sustainable approaches to water management.
The USGS Massachusetts-Rhode Island Water Science Center has been at the center of
this effort, publishing several key reports that inform the SWMI. The USGS has systematically
conducted studies of the hydrology of Massachusetts river basins since the early 1960s, focusing
initially on water availability. These USGS studies became the primary scientific basis for water
resource planning in the 27 state-defined planning basins. Through this work the USGS has
developed a network of stream gauges, the technical staff to maintain that network and publish
the data, and a group of professional hydrologists to produce water resources assessments. These
scientists' expertise has traditionally covered surface water, groundwater, and water quality, but
in the words of Associate Director Peter Weiskel, "another discipline that has emerged over the
last ten or fifteen years in this office, as well, has been stream flow and aquatic habitat"
(Weiskel, 2011). In developing this expertise, the Water Science Center has drawn on the
knowledge of staff scientists like Dave Armstrong, key insights from the literatures on instream
flow and fluvial fish communities, and precedents from similar efforts elsewhere in New
England.
According to Ralph Abele, Instream Flow Coordinator for EPA Region One,
communication between the New England states has facilitated a rich learning process over
recent decades as each state government tackled instream flow issues with its own approach and
on its own timeline. The initial impetus for regulating stream flows was a rush in the late 1970s
to develop small-scale hydropower and streams and rivers around New England. To facilitate its
review of these projects, the United States Fish and Wildlife Service (USFWS) developed a
Minimum Flow Policy based on a metric called ABF, or aquatic base flow. USFWS calculated
ABF using statistics from 48 index gauges in unaltered streams across New England.
Recognizing that annual low flows occur in August, the USFWS set the median of the mean
flows for August as the minimum flow standard to be maintained. USFWS then calculated ABFs
on a seasonal basis for any given stream reach on a cubic foot per square mile of catchment area
basis. The wider application of ABF came when various New England states adopted this metric
as a basis for instream flow regulations, beginning with Vermont in the 1980s (Abele, 2011;
Lang, 1999).
As multiple New England states implemented instream flow regulations using the
USFWS ABF metric, they modified the approach to better suit their needs. When Vermont
adopted ABF rules to regulate water withdrawals for snow making in the 1980s, the state used
the same formula but with only Vermont gauges. One criticism of the ABF approach, as applied
in southern New England, was that the majority of the index gauges were located in northern
New England and thus did not necessarily represent the flow characteristics of southern New
England rivers accurately. A second critique was that the USFWS calculated the ABF on a
seasonal basis, while standards based on a monthly metric might better protect aquatic
ecosystems. Thus, when Colin Apse of The Nature Conservancy calculated an ABF for use by
the Connecticut Water Planning Council, he used Connecticut gauges and calculated it in
monthly time steps. In practice, this month-by-month metric was more environmentally
protective, making the minimum flow standards more closely track average monthly flows on the
index gauges. However, some of the gages included in the Connecticut calculations were for
shorter time periods or represented smaller drainage areas than the USFWS thought was
appropriate for its policy. By the mid-2000s, Vermont, Connecticut, Maine, and Rhode Island
had established instream flow rules based on modifications of the USFWS ABF method.
Massachusetts, too, adopted this method in the Department of Conservation and Recreation's
2008 report for the Massachusetts Water Resources Commission (WRC) titled "2008 Index
Streamflows for Massachusetts" (Abele, 2011; MADCR, 2008).
The 2001 "Stressed Basins in Massachusetts" report marked the first attempt by the
Massachusetts state government to benchmark river flows against some measure of what would
be natural. In this report, the Massachusetts Water Resources Commission (WRC) articulated the
challenge that both those proposing new water projects and the regulators reviewing them faced
in understanding the potential environmental impacts of water withdrawals. In response it sought
to identify a set of stressed river basins "which may require a more comprehensive and detailed
review of environmental impacts or require additional mitigation" (MAWRC, 2001: p1). For this
report the WRC defined water stress in terms of water quantity, water quality, and habitat criteria
for assessing the stress of basins (MAWRC, 2001). However, citing the "lack of adequate
quality, biological and hydrological data" to classify basins at the statewide level, the WRC put
forward an interim approach to classification, which compared low flow statistics from 72 stream
gauges on rivers with various levels of alteration, and ranked them against each other (MAWRC,
2001: pl). It then classified river basins and major sub-basins as stressed if their statistics on
three low flow metrics, adjusted for basin area, were in the lowest (or highest, for one metric)
quartile of the population of stream gages considered. The report acknowledges its limitations,
particularly the lack of data on quality and habitat factors, the delineation of hydrologic stress by
comparing the flows in one river to those in another, the method's inability to distinguish
between human and natural causes of low flows, the use of one downstream gauge to represent a
whole basin, and the general need for classification at smaller basin scales (WRC, 2001).
However, when the resulting basin classifications made their way into water withdrawal permit
decisions, the water supply community protested.
Fundamentally, the New England states were trying to determine what natural flow levels
would be in their streams and rivers were they not altered by impacts such as water withdrawals,
wastewater flows, and interbasin transfers. Up through the mid-2000s, the only way to do this
was to extrapolate likely natural flows in a given stream from those at index gauges in the region.
Yet, in an area like eastern Massachusetts with significant water withdrawals, urbanization, and a
high density of dams, it is difficult to identify unaltered streams with gauges to serve as indices.
One solution, then, was to develop detailed hydrologic models of watersheds to enable the
computation of natural flow levels. The USGS took this approach in a series of basin studies in
eastern Massachusetts that greatly influenced statewide policy discussions (Abele, 2011).
The USGS Massachusetts-Rhode Island Water Science Center reports on Massachusetts
hydrology that had long informed state decision making took on a new relevance in policy
discussions when, around 2000, the center began a series of studies on the Ipswich River Basin
in northeastern Massachusetts. The Ipswich River flows from the northern edge of the Boston
metropolitan area northeast to the Atlantic Ocean at Ipswich, Massachusetts. The river has a very
gradual gradient and naturally low summer flows exacerbated by water withdrawals and
extensive development in the watershed. The Ipswich has become a focal point of environmental
activism over instream flows due to repeated episodes when it ran dry in August, a dramatic
illustration of wider water management challenges in the state. The USGS study aimed to model
the Ipswich River Basin's hydrology and additionally to incorporate fish data to assess the river's
ecological health. To get data on fish populations, the USGS turned to the Massachusetts
Division of Fisheries and Wildlife, which had in the late 1990s launched a new effort building a
statewide program to sample fish communities.
The fish monitoring program marked an important new role for the Massachusetts
Department of Fish and Game's Division of Fisheries and Wildlife (DFW) in tracking the wider
ecological health and community characteristics of Massachusetts waterways, having previously
focused largely on game species. Under the leadership of stream biologist Todd Richards, the
DFW staff developed procedures for applying standard sampling techniques to gather
information about fish community structure at sample sites statewide (State manager, 2011). The
DFW biologists used either backpack or barge electroshocking, as appropriate to the particular
stream, to get a cross section of fish community in that stretch. Historically, Massachusetts
freshwater fish communities, in comparison to terrestrial species, were poorly understood due to
a lack of comprehensive surveys. The first community surveys were conducted in the 1940s, but
focused largely west of the Connecticut River. Biologist Dave Halliwell orchestrated the first
statewide community surveys in the 1980s. Surveys coordinated by Richards, beginning in 1998,
renewed the effort to systematically sample fish communities statewide (State manager, 2011).
In 1998, with funding by DEP, USGS initiated its habitat study of the Ipswich River
Basin and DFW sampled fish communities in the watershed The DFW biologists sampled fish at
dozens of sites on the main stem and tributaries of the Ipswich River over two seasons to build a
fairly comprehensive picture of the fish communities there (State manager, 2011). Combining
the fish data with a hydrologic model, channel measurements and habitat assessments, this
USGS study provided a scientific basis for understanding current conditions in the Ipswich
River. The 2001 report from this study cites a concurrent research project underway in the
Quinebaug River basin of Massachusetts and Connecticut, which provided a key piece of the
puzzle, the identification of target fish communities that could be used to benchmark actual
streams fish populations against might be expected under natural flow conditions (Armstrong et
al., 2001).
The Quinebaug River study was a key precedent for incorporating Division of Fisheries
and Wildlife (DFW) data in hydrologic studies in that it established the method of using fish
population sampling to determine when flow alternation has significantly impacted aquatic
communities. In the late 1990s, a power company proposed building a new power station in
Charlton, Massachusetts that would rely on water withdrawals from the Quinebaug River and/or
return flows from a wastewater treatment plant near the border with Connecticut to provide
cooling water. The State of Connecticut protested, citing potential impacts on the Quinebaug
River downstream in Connecticut. EPA reviewed Connecticut's concerns and developed a set of
conditions, which the Army Corps of Engineers incorporated into a federal permit for the project.
As a result, a group of federal and Massachusetts and Connecticut agency staff came together
with outside experts to conduct a study funded by the power company on the likely impact of the
water withdrawals on stream flows and fish communities.4 The study involved a hydrologic
model of the watershed and incorporated work by the biologist Mark Bain of the New York
Cooperative Fish and Wildlife Research Unit at Cornell University to establish a target fish
community for assessing the ecological impacts of flow alterations (Abele, 2011). Bain's method
classified particular fish species into categories based on the habitats they depend on: fluvial
specialist species that require flowing water throughout their lives, fluvial dependent species that
require flowing water in at least part of their life cycle; and macrohabitat generalist species that
can live their entire lives in pond or lake conditions. The study applied this method of
classification to determine a target fish community for the Quinebaug River, in effect defining a
template for what fish community is appropriate to a southern New England river (Kashiwagi,
2009). It was then possible to sample a cross section of the fish population in the Quinebaug
River and measure, by comparison, the extent to which that aquatic community had been
impacted. Quoting Mark Bain and Marcia Meixler's report from the Quinebaug study,
Our target fish community can be used as a general guide of what is considered a healthy fish
community for large streams and small rivers in the region. By adopting it as a standard, we could
also use the target community to numerically rate the similarity of any fish collection or study site
to target conditions. Finally, computing affinity index values for specific collections and sites
4 The Quinebaug River Instream Flow Study agencies included the New England Interstate Water Pollution Control
Commission, the Connecticut Department of Environmental Protection, the Massachusetts Department of
Environmental Protection, the Massachusetts Division of Fisheries and Wildlife, the U.S. Generating Company, the
U.S. Army Corps of Engineers, the U.S. Environmental Protection Agency, and the U.S. Fish and Wildlife Service
(Bain and Meixler 2000).
allows comparisons to be made of target similarity across sites and times. We conducted these
analyses as a demonstration exercise with the Massachusetts Division of Fish and Wildlife and
Connecticut Department of Environmental Protection fish collections along the Quinebaug River.
The results of that exercise show what can be done with a specified target fish community for
planning and assessment (2000: p9).
This approach, which key agency staff like Todd Richards and Michael Kashiwagi at DFW,
Ralph Abele at EPA Region One and others helped develop through their involvement on the
Quinebaug River study, became a foundation for statewide target fish community development
in Massachusetts basins and subsequent studies by the USGS and DFW on the connections
between instream flows and fish populations (Abele, 2011). For example, the 2001 USGS habitat
study for the Ipswich River states that the US Fish and Wildlife Service, along with DFW and
the Massachusetts Division of Marine Fisheries, identified a similar target fish community for
the Ipswich River (Armstrong et al., 2001).
In 2004 the then-Executive Office of Environmental Affairs under Governor Mitt
Romney released a report "Massachusetts Water Policy" discussing the challenges facing the
state and presenting several broad policy recommendations (MEOEA, 2004). The EOEA
prepared the document with advice from a Water Policy Task Force with representatives from
Massachusetts and federal agencies, water suppliers, environmentalists, municipalities, and
homebuilding and commercial interests. The report emphasizes the need for a new working
relationship between the state's environmental agencies with responsibility to protect water
resources and the municipalities around the state with direct control over the water supply,
wastewater, conservation, and land use practices that are key to achieving that protection. Its first
recommendation is the development of a "Stress Framework" tying streamflow, biological, and
chemical performance standards for river basins to specific infrastructure and resource
management responses that water entities should take at different levels of basin stress. The
report identifies a related action step, to create a multi-stakeholder working group to update the
2001 interim "Stressed Basins" framework. Recommending the protection of land and water
resources, the policy calls for the development of target fish communities (as piloted in the
Quinebaug study) for mainstem rivers and tributaries, and Indicators of Biological Integrity for
small streams to aid in prioritizing waterway restoration. It also tasks a Streamflow Standards
Task Force and the cooperative program with the USGS with determining streamflow standards
for each watershed sub-basin in the state. Perhaps the most striking aspect of this water policy
report, though, is its broad call for greater integration of water management activities in the state,
involving the alignment of state and municipal policies; the streamlining of state water quality,
water supply, and wastewater permitting; cooperative projects between state water,
transportation, and land use agencies; all situated within then-Governor Mitt Romney's smart
growth agenda.
In 2008, the Department of Conservation and Recreation's (DCR) Office of Water
Resources released a report, "2008 Index Streamflows for Massachusetts," presenting index
streamflows for Massachusetts river basins, as adopted by the Water Resources Commission
(WRC) in May 2008, to serve as a new framework for assessment of streamflow conditions. This
report had similar goals to the 2001 "Stressed Basins" report, but utilized more sophisticated
methods and built off two USGS studies published in 2004 and 2007 (MDCR, 2008; Armstrong
et al., 2004; Armstrong et al., 2008). Three methods, the USFWS Aquatic Base Flow, the Target
Hydrograph Approach, and the Indicators of Hydrologic Alteration, provided a more nuanced
and scientifically defensible basis for estimating the natural flow regimes of rivers around the
state. All three techniques relied on the selection of stream gauges on relatively unaltered rivers
in southern New England to establish flow statistics to benchmark river flows in other similar
hydrologic contexts nearby. The state convened a stakeholder group called the Streamflow
Standards Task Force beginning in 2004, "comprised of the streamflow policy work group and a
wide range of interested stakeholders," to inform the determination of these index streamflows
(MDCR, 2008: p3). While the Water Resources Commission (WRC) adopted these index
streamflows in May 2008 as a basis for policy making, the report clearly indicates that this
endorsement did not serve to introduce these natural flow calculations into regulations.
Nevertheless, the report indicates that the index streamflows could be used to inform planning
and policy making, including a revised classification of basin stress and DEP permitting of new
water supply sources. The "Index Streamflows" report also identifies multiple areas of then-
current and future work, including three pilot studies on the interactions between instream flows,
land use, water quality, and fish populations; the development of a new tool for estimating
natural flows in rivers; and a new basin stress classification (MDCR, 2008).
Building off the early Ipswich River Basin studies and the concept of target fish
communities, the USGS, DCR, and DEP undertook three pilot studies in the mid-2000s to
explore the connections between fish community composition and stressors including flow
alteration, land uses, and water quality impacts. In other words, these basin pilot studies would
add in the biological criteria that had been missing in the 2001 "Stressed Basins" report (MWRC,
2007). Working in the Ipswich, Blackstone, and Sudbury/Assabet River Basins, the studies
brought together USGS HSPF (Hydrologic Simulation Program - Fortran) hydrologic models,
geographic information system (GIS) data about land uses, DEP water withdrawal records, and
DFW fish data (MADCR, 2008). These pilot studies established the usefulness of fish population
sampling for assessing the impact of flow alteration on aquatic communities, building support for
a statewide study on fish and streamflows (State manager, 2011). However, the three pilot
studies relied on detailed precipitation-runoff models to calculate what natural flows would be
without water withdrawals, transfers, and wastewater return flows. It would be time- and cost-
prohibitive to replicate such detailed models for all the river basins in the state, so the USGS and
DEP developed a new analytical tool (Abele, 2011).
The new decision support tool was the Sustainable Yield Estimator developed by Stacy
Archfield and others and published in a 2010 USGS report, "The Massachusetts Sustainable-
Yield Estimator: A Decision-Support Tool to Assess Water Availability at Ungaged Sites in
Massachusetts." The development of this tool built off the earlier work of the USGS on the
Massachusetts StreamStats application and QPPQ approach developed by Professor Neil
Fennessey of the University of Massachusetts Dartmouth (Archfield et al., 2010). It uses
statistical techniques to extrapolate from 44-year daily streamflow records at index stream
gauges to construct daily time series of flows at other ungauged locations around the state. The
application allows users to estimate the 'sustainable yield' (or amount that can safely be
withdrawn) of a river basin given actual water withdrawal information from 2000-2004 and a
user-determined minimum flow requirement to protect aquatic communities. The accompanying
USGS report carefully distinguishes 'sustainable yield' from the contentious legal definition of
safe yield under the Massachusetts Water Management Act (Archfield et al., 2009). Moreover,
by allowing a user to specify a hypothetical minimum flow requirement it allows policy makers
to explore the flow impacts of different water withdrawal rules that might be proposed. The
Sustainable Yield Estimator has also been fundamental to two other USGS studies underlying
the Sustainable Water Management Initiative, the "Massachusetts Water Indicators" report and
the "Fish and Habitat" study.
With the Sustainable Yield Estimator (SYE) under development, the USGS and DCR
recognized an opportunity to produce a new assessment of river basin stress based on a wider set
of metrics than either the 2001 "Stressed Basins" report or the 2008 "Index Streamflows" report.
This study developed specific indicators based on SYE flow estimates (incorporating DEP water
withdrawal records), GIS data about dams and impervious cover, and water quality data to
evaluate the condition of the state's subbasins (Weiskel et al., 2010). The USGS and DCR
convened a Massachusetts Basin Stress Reclassification Task Force composed of state staff,
consultants, water suppliers, environmentalists, and scientists to advise this study. These
stakeholders helped the agencies select appropriate indicators such as percent alteration of
median August flow, water use intensity, and local and cumulative percent impervious cover.
They did not have input into the actual calculation of these metrics, a responsibility that the
USGS scientists retained (Weiskel, 2011). The group produced its recommendations through a
consensus process, and also served as a forum through which the USGS and DCR could keep
stakeholders appraised of progress on the study. The result was the USGS report, "Indicators of
Streamflow Alteration, Habitat Fragmentation, Impervious Cover, and Water Quality for
Massachusetts Stream Basins," known informally as the "Massachusetts Water Indicators" report
(Weiskel et al., 2010).
Perhaps the most central USGS study underlying the work of the SWMI, though, is the
"Fish and Habitat" study initiated prior to the SWMI and accelerated at the request of the
Massachusetts Executive Office of Energy and Environmental Affairs (EEA) to provide input to
policy discussions. The study, published as "Preliminary Assessment of Factors Influencing
Riverine Fish Communities in Massachusetts" in the spring of 2010, assessed the impact of flow
alteration, impervious cover, land use, and physical basin characteristics on fish communities
(Armstrong et al., 2010). Utilizing the Sustainable Yield Estimator, GIS databases, DFW fish
data, the target fish community method, and regression analyses, the study quantified the impacts
of these stressors on fluvial fish relative abundance in Massachusetts streams and rivers. When
EEA initiated the Sustainable Water Management Initiative in late 2009, state staff sat down
with the USGS scientists to determine how to accelerate a portion of the larger research project
already in progress in order to provide policy-relevant findings in time for the SWMI discussions
(Weiskel, 2011). The USGS will release in 2011 a full version of the study assessing the impacts
of a wider range of stressors on fluvial fish, analyzed species by species (Abele, 2011).
The Emergence of Key Scientific and Technical Challenges
In the development of watershed science over the past decade, key scientific and
technical challenges have emerged that continue to influence discussions today. These include
how to determine what a natural flow regime would be in the absence of human alteration, how
to classify rivers and streams by their current condition, how to identify metrics and collect data
on the health of aquatic ecosystems, how to establish the impacts of flow alteration on
ecosystems, how to distinguish between flow alteration impacts and other factors causing stream
degradation, how to create a statewide framework of watershed information to facilitate policy
making, and how to incorporate stakeholder input into scientifically-credible studies. As state
staff interpret the USGS studies to form policy proposals and stakeholders react to both the
science itself and the policy ideas under discussion, these questions resurface as points of
contention. Complicating the stakeholders' overall high level of respect for the science in the
process, these scientific and technical challenges influence their satisfaction with the policy
options under discussion and their confidence that the process can 'get it right.' To craft
workable, or even innovative, water management approaches, the state will need to build
consensus around not only the policies, but also the scientific and technical findings that lie
behind them.
Chapter 3: The Sources and Management of Information in
the Sustainable Water Management Initiative
Sources of Information
The Sustainable Water Management Initiative aims to open up new approaches to
Massachusetts water challenges by bringing together government agencies and key stakeholders,
but also by assembling the best information available. This information takes many forms, from
scientific studies to state databases to the knowledge that each of the stakeholders brings. The
availability of this scientific and technical knowledge was a key factor in the EEA's creation of
the SWMI, and has greatly influenced the design and implementation of the process. As Ralph
Abele, Instream Flow Coordinator for EPA Region One, points out, other New England states
began wrestling with instream flow issues earlier and without as strong a body of state-specific
science to support policy discussions (2011). In the SWMI, earlier-initiated USGS work on the
decision support tool, assessment of current conditions, and regression analyses connecting
stressors to ecological impacts built a shared understanding of the need for action and provided
the methods to do so. The various sources of information in the process and their perception by
stakeholders become the basis for shared understandings, framing of problems, value-based
disagreements, and the crafting of solutions. Before exploring how information flows through the
SWMI, it is therefore important to characterize the specific sources of information in the process.
The Development of USGS Studies in Massachusetts
The USGS Massachusetts-Rhode Island Water Science Center has been a great resource
to the Massachusetts environmental agencies, collaborating with them to build a strong body of
science informing water management decisions. Following USGS and state agency priorities,
with funding from the agencies and the USGS Cooperative Water Program, the USGS scientists
have carried out a series of studies on individual river basins and then statewide. These have
often been collaborative efforts between USGS scientists and state staff, as with the integration
of the DFW fish sampling data into the "Fish and Habitat" study. Likewise, while largely
remaining outside the policy discussions, the USGS scientists have supported the SWMI by
running additional analyses as requested by state staff in their work to develop specific policy
proposals (Weiskel, 2011).
While the USGS conducted the principle scientific and technical studies used in
Sustainable Water Management Initiative, state staff also played a significant role by initiating
and funding the studies, and through ongoing involvement in their development. The USGS
developed the Sustainable Yield Estimator to inform the DEP's determination of the safe yields
of rivers and streams, and thus incorporated input from state officials in its design (Archfield et
al., 2010). Likewise, the "Massachusetts Water Indicators" report, a USGS update of earlier
efforts by the state to assess the current condition of basins around the state, incorporated
guidance from state staff and a wider group of stakeholders through the Massachusetts Basin
Stress Reclassification Task Force (Weiskel et al., 2010; Weiskel, 2011). In 2010, the USGS
published the "Fish and Habitat" report, titled "Preliminary Assessment of Factors Influencing
Riverine Fish Communities in Massachusetts." This research, funded by DCR and USGS,
established a relationship between natural basin characteristics (like watershed size and channel
slope), human alteration measures (like impervious cover and flow alteration), and fish
community measures (Armstrong et al., 2010; State manager, 2011). In this process, which a
senior manager in the state's water programs describes as "a joint effort between the federal and
state governments," the state agencies contributed funding, technical expertise, and data to
ensure the provision of the best quality science for subsequent policy efforts (State manager,
2011). To ensure the accuracy and credibility of its scientific reports, the USGS has a rigorous
internal and peer review process prior to the release of any findings. The USGS submits draft
reports to peer scientists for review before finalizing them, a process that the USGS headquarters
oversees to ensure the quality of all USGS publications (Weiskel, 2011). In particular, this
review is meant to prevent scientists from designing or manipulating a study to achieve a certain
result. As a senior manager with the state comments, the peer review process empowers experts
without a stake in a study to review its methods to ensure that the researchers were not
conducting the study in a manner meant to achieve a certain result (2011). This strong technical
review of the USGS studies allows policy makers to be confident in using the research to inform
management and policy decisions. Peter Weiskel, Associate Director of the USGS
Massachusetts-Rhode Island Water Science Center, in turn praises the EEA and state agencies'
commitment to high-quality, credible science. In his words,
Our state agency cooperators have really been tremendous at respecting the process and respecting
the USGS, shall we say it's independence, in the midst of that process. As a result of that I think
we've had a tremendous relationship (2011).
This rigorous system of peer review contributes to the high regard many stakeholders in the
SWMI hold for the USGS science that underlies the process.
The USGS Studies
The USGS Sustainable Yield Estimator (SYE), published in the report "The
Massachusetts Sustainable-Yield Estimator: A Decision-Support Tool to Assess Water
Availability at Ungaged Sites in Massachusetts," is a key technical tool enabling the work of the
Sustainable Water Management Initiative. Prior to its development, it was difficult to calculate
what the natural flows would be in a flow-altered stretch of river without constructing a detailed
hydrologic model. By statistically extrapolating a daily time series of natural flows for a given
stretch of river from stream gauges in the region, the SYE makes a consistent statewide
regulatory approach possible. These screening-level natural flow estimates will be important to
calculating safe yields under a new definition, and to implementing stream flow standards.
Integrated into the "Massachusetts Water Indicators" and "Fish and Habitat" studies, the SYE
underlies much of the scientific research used in the SWMI. Moreover, by offering a computer
interface where the user can select locations and view flows with or without human alterations
and with or without a reserved allocation for environmental flows, it also facilitates
experimentation with different policy options.
The "Massachusetts Water Indicators" study, published in the USGS report "Indicators of
Streamflow Alteration, Habitat Fragmentation, Impervious Cover, and Water Quality for
Massachusetts Stream Basins," takes a systematic look at the stressors impacting Massachusetts
fluvial ecosystems and identifies key indicators to track their relative significance in different
basins around the state. It identifies stressors including water withdrawals, treated wastewater
discharges, septic systems, forest clearing, urbanization, water quality impairments, and dams.
Using the Sustainable Yield Estimator and DEP databases on water withdrawals between 2000
and 2004, it calculates the flow alterations in different stream basin units around the state. It
finds that 12% of the subbasins, mostly located on the edges of the Boston metropolitan area
where communities rely on local rather than MWRA water supplies, had high levels of August
flow alteration, meaning flows reduced 40% or more below what would be natural (Weiskel et
al., 2010). The study also identifies surcharging, or higher than normal flows due to treated
wastewater discharges, in some Massachusetts rivers, particular along main stems. Using basin
storage ratio, the fraction of a year's natural flow that dams in a basin hold back, as a measure of
dam density, the study finds that
[s]torage ratios were relatively low (less than 1 day) in 33 percent of the subbasins. However,
about 40 percent of the subbasins had storage ratios greater than 1 month, and 3.2 percent (45
subbasins) had large storage ratios greater than 1 year (Weiskel et al., 2010: p64).
On impervious cover, the study distinguishes between local impervious cover within a given
subbasin, and cumulative impervious cover in all upstream contributing areas. It found that 33%
of the subbasins had less than 4% local impervious cover, while 18% of subbasins had over 16%
local impervious cover. The highest levels of local and impervious cover were found in the
Boston metropolitan area and along main transportation routes. Examining water quality
assessments under the federal Clean Water Act, the study found that among the subbasins where
waterways had been assessed, 50% of the stream miles were classified as impaired, with
impairment particularly common in eastern Massachusetts (Weiskel et al., 2010).
The "Massachusetts Water Indicators" study is a particularly strong source of information
for the Sustainable Water Management Initiative because a stakeholder group, the Massachusetts
Basin Stress Reclassification Task Force, helped identify the indicators used and received
briefings on the progress of the study as it went forward (Weiskel, 2011). Indeed, many of the
same state staff and advocacy group representatives who composed that task force are now
involved in the SWMI. By establishing accepted indicators of impact on streams and applying
them to subbasins across the state, this USGS study created an objective picture of waterway
stress across the state. Discussions in the SWMI could then focus less on whether or where there
was a problem, and more on ways to reduce the stresses on rivers and streams.
The USGS "Fish and Habitat" study, published in the report "Preliminary Assessment of
Factors Influencing Riverine Fish Communities in Massachusetts," examines the correlations
between the stresses on stream environments and the actual ecological impacts measured through
fish community sampling. Using stress metrics identified in the "Massachusetts Water
Indicators" study and the target fish community approach applied to Division of Fisheries and
Wildlife (DFW) data, the study provides the primary scientific basis for attributing the
degradation of aquatic ecosystems to specific human activities that policies and programs can
address. By running regressions it determines that flow alteration and impervious cover
statistically significant relationships to the makeup of fluvial fish communities. Specifically,
keeping all other variables the same, a one-unit (1 percent) increase in the percent depletion or
percent surcharging of August median flow would result in a 0.4-percent decrease in the relative
abundance (in counts per hour) of fluvial fish and ... a unit increase in impervious cover resulted
in a 5.5-percent decrease in the relative abundance of fluvial fish and a 2.5-percent decrease in
fluvial-fish species richness (Armstrong et al., 2010: pl).
In other words, both flow alteration and impervious cover have quantifiable impacts on
populations of fluvial fish in Massachusetts rivers and streams. However, a one percent increase
in flow alteration has a smaller effect on fish communities than a one percent increase in
impervious cover. This information has given the environmental agencies scientific justification
for taking action to reduce flow alterations and impervious cover. However, the implication that
impervious cover may be more significant a factor than flow alteration has created some
discussion in this stakeholder process, which has been framed around Water Management Act
regulations rather than wider approaches to control land use and impervious cover.
DEP Water Withdrawal Databases and MassGIS
The Department of Environmental Protection's databases of water withdrawals,
interbasin transfers, and treated wastewater return flows provide the Sustainable Water
Management Initiative with information about the most direct human interventions in the flow
levels of Massachusetts rivers and streams. Collected through self-reporting forms that water
utilities must complete each year, these data are integrated into the Sustainable Yield Estimator,
the "Massachusetts Water Indicators" report, and the "Fish and Habitat" study. More broadly,
these data document the water supply industry's current practices and needs (Pederson, 2011).
Just as objective study of the current environmental conditions in waterways advances policy
discussions, so does an accurate sense of how much and where exactly water utilities are altering
river flows.
Similarly, the Massachusetts Geographic Information System (MassGIS) has provided
the SWMI with extensive information about current conditions around the state, from areas of
impervious and pervious cover to geologic and geographic data on potential areas of future water
supply development.
The Knowledge and Experience of Individuals and Organizations
Another significant source of information in the SWMI is the knowledge that all of the
stakeholders bring to the table (Slaughter, 2011; Smith, 2011). Each of the participants has been
engaged on Massachusetts water issues for many years, both in their specific professional roles
and through their networks in the water community. Whether in-depth knowledge of water
supply engineering, demand reduction programs, New England fish species, or state incentive
programs, these contributions of information are key to identifying realistic options and
developing innovative solutions. Beyond the knowledge that individuals bring, some of the
organizations engaged have provided significant information. For example, The Nature
Conservancy's scientists helped advance understanding of the ecological role of natural flow
regimes, and their staff have brought their technical and policy experience in instream flow
discussions around the country to the SWMI (Poff et al, 2009; Smith, 2011). Likewise, members
of the Massachusetts Water Works Association have worked with state staff to identify locations
where future water supply development would be feasible (Pederson, 2011).
The Management of Information
Scientific and technical information forms a principal basis for policy proposals within
the SWMI, together with the political and legal context surrounding water management in the
state. Yet, the production of the USGS studies required numerous professional judgments by
scientists, judgments that other scientists or non-scientists might debate. Nor was the
development of this science, for the most part, open to the input and guidance of stakeholders, as
the joint fact finding model of decision making would advocate. An active state agency role in
these USGS studies means that not all stakeholders may perceive the the science as entirely
objective, given the state's stake in how it regulates water resources (Estes-Smargiassi, 2011).
Within the SWMI itself, state staff play a key role in interpreting the USGS scientific reports and
state agency datasets to put together frameworks, categorizations, and proposed regulations for
the stakeholder committees to consider. As information and policy ideas move between state
staff workgroups, the steering committee, Technical Subcommittee, and Advisory Committee,
participating stakeholders have opportunities to give feedback and request information, though
there are also constraints that limit their input. The management of information in the process
influences participants' views on the scientific and technical information itself and its application
within policy proposals, shaping their willingness to support new approaches developed through
the initiative.
The State Role in Interpreting Information
Interagency work groups of state staff play a significant role in bringing scientific and
technical information to committee discussions. Though every stakeholder involved in the
SWMI can access the USGS reports, the scientific conclusions and technical tools and metrics do
not themselves suggest policy responses to bring about greater water resource sustainability.
Interagency work groups of technical and policy-oriented staff, working in support of the
commissioners and senior staff who sit on the committees, have therefore constructed
classifications, thresholds, and frameworks to bring before the Technical Subcommittee and
Advisory Committee for consideration (State manager, 2011). The scientifically and technically
knowledgeable state staff are able to interpret the USGS studies to categorize the current flow
and biological conditions in streams and identify appropriate breakpoints for different regulatory
interventions (State managers, 2011). They put one or more proposals before the Technical
Subcommittee and Advisory Committee for feedback, and then make changes in response. In
effect, the state staff are taking the data and building proposals to get advice from the
stakeholders on how best to achieve the goal of balancing human and natural uses of water
(Smith, 2011). Before presenting proposals to the Technical Subcommittee and Advisory
Committee, though, the state staff bring them to the interagency steering committee guiding the
process (State manager, 2011).
The steering committee coordinates between EEA and the three environmental agencies
in overseeing the Sustainable Water Management Initiative. Chaired by David Cash, the
Undersecretary for Policy at EEA, the committee also includes the agency commissioners (or
their senior staff representatives) and the facilitator who runs the stakeholder meetings. They
schedule and set agendas for the stakeholder meetings, review the presentations and policy
proposals going before those groups, and gauge the responses received from stakeholders (State
manager, 2011). The state staff keep the steering committee updated on their progress
developing technical proposals and incorporate its feedback on them before bringing these ideas
to the Technical Subcommittee (State manager, 2011). One of the steering committee's
challenges is aligning the expertise and objectives of EEA, DCR, DEP, and DFW. This
collaboration between the state agencies in the Sustainable Water Management Initiative itself
marks progress towards more integrated water management, as the responsibilities of the
departments were often fairly siloed in the past (Van Deusen, 2011). Mark P. Smith of The
Nature Conservancy, a former Director of Water Policy for the then-Executive Office of
Environmental Affairs in Massachusetts, notes that,
It's important to recognize that the agencies are not necessarily completely likeminded. You have
three major agencies there between DFW, DEP and DCR, and I think there's a fair amount of
effort at EEA to get the state to have a unified position. So I think some of the frustration of the
people on the outside, thinking that things are being kept too close, is probably just a result of the
agencies trying themselves to understand what's going on, and trying to develop positions that
work for each of their responsibilities (2011).
The steering committee therefore enables the state to coordinate staff work translating scientific
and technical information into policy proposals and build one coherent direction for the
stakeholder process to follow.
Stakeholder Committees
The Technical Subcommittee of the SWMI reviews the scientific and technical
information used in the process, as well as technical aspects of policy proposals that state staff
bring before the group. Composed of technically knowledgeable members of many of the same
organizations and constituencies as the more policy-oriented Advisory Committee, the Technical
Subcommittee generally meets monthly, two weeks before a given Advisory Committee
meeting.' Early in the process, state staff made presentations to the subcommittee on the USGS
scientific reports informing the initiative, and they continue to bring proposals such as stream
classifications, streamflow criteria, and permit review frameworks before the group for feedback
5 The Technical Subcommittee members include: Kathleen Baskin of the Executive Office of Energy and
Environmental Affairs (EEA) (Project Manager); Jack Buckley of the Division of Fisheries and Wildlife (Co-Chair);
Martin Suuberg of the Department of Environmental Protection (Co-Chair); Anne Carroll of the Department of
Conservation and Recreation, Office of Water Resources (Co-Chair); Ralph Abele of EPA Region 1; Colin Apse, of
The Nature Conservancy; Susan Beede of the Massachusetts Rivers Alliance; Tom Camberari, of the Cape Cod
Commission; Doug DeNatale of AECOM; Eric Hooper of the Town of Sharon; David Kaplan of the City of
Cambridge Water Department; John Kastrinos of Haley & Aldrich; Kerry Mackin of the Ipswich River Watershed
Association; Piotr Parasiewicz, of the Rushing Rivers Institute; Cary Parsons of Woodard and Curran; Nigel
Pickering, of the Charles River Watershed Association; Jesse Schwalbaum of Watershed Hydrologic; Peter Weiskel,
of the USGS Massachusetts-Rhode Island Water Science Center; Brian Wick of the Cape Cod Cranberry Growers'
Association (CCCGA); Vicki Zoltay of ABT Associates (MEOEEA).
(State manager, 2011). The subcommittee's tri-chairs from the DCR, DEP, and DFW ask its
members for input at meetings and in written comments, which they then take into consideration
as they refine proposals to bring before the Advisory Committee. Technical subcommittee
members can also bring up issues they would like state staff or future subcommittee meetings to
address (State manager, 2011). According to a senior state manager, the Technical Subcommittee
plays a key role in reviewing the scientific and technical information that forms the foundation
for the SWMI's policy (2011).
The Sustainable Water Management Advisory Committee is responsible for making
recommendations to the Secretary of EEA and the three agencies on both technical and policy
aspects of water management. Its members are, broadly speaking, more policy than technically
focused, and so rely on the subcommittee's technical expertise (State manager, 201 1).6 The
Advisory Committee meets monthly and provides EEA and agency staff with feedback on policy
proposals they bring before the group. The way that a senior state manager characterizes the
Advisory Committee's role is that state staff put policy questions before the Committee, stressing
that while the group has only advisory input, the state does really value the participants'
feedback (2011). The state invited the committee members to participate because they either
represent principle stakeholder groups active on water management issues politically, or possess
knowledge key to resolving the questions at hand. In other words, the state recognizes that their
views and their actions outside of the SWMI process will be key to determining whether it
achieves a successful and lasting outcome.
6 The Advisory Committee members include: David Cash of the Massachusetts Executive Office of Energy and
Environmental Affairs (EEA) (Chair); Jon Beekman of SEA/Kleinfelder; Lee Breckenridge of the Northeastern
University School of Law; Alan Cathcart of the Town of Concord; Jack Clarke of Mass Audubon; Michael F.
Domenica, an independent consultant; Stephen Estes-Smargiassi of the Massachusetts Water Resources Authority;
Wendi Goldsmith of Bioengineering Group; Nancy Goodman of the Environmental League of Massachusets
(ELM); Philip D. Guerin of the City of Worcester; Michael J. Hanlon, 3rd of Weston and Sampson Engineering;
Scott W. Horsley of the Horsley Witten Group; Raymond A. Jack of the Town of Falmouth; Jeff LaFleur of the
Cape Cod Cranberry Growers' Association (CCCGA); Jennifer Pederson of the Massachusetts Water Works
Association (MWWA); Tom Philbin of the Massachusetts Municipal Association; Martin Pillsbury of the
Metropolitan Area Planning Council; Peter Shelley of the Conservation Law Foundation (CLF); Sarah Slaughter of
the Massachusetts Institute of Technology; Mark P. Smith of The Nature Conservancy; Margaret Van Deusen of the
Charles River Watershed Association; Thomas K. Walsh of the Upper Blackstone Water Pollution Abatement
District; Peter Weiskel of the USGS Massachusetts-Rhode Island Water Science Center (MEOEEA).
Challenges in the Use of Information
Participant Access to and Understanding ofInformation
One of the challenges in the SWMI is participants' ability to access and understand
information. The advantage of utilizing USGS scientific reports is that the great majority of
stakeholders engaged believe in the integrity of the science. However, the peer review and
headquarters sign-off process that ensure that integrity also provide barriers to accessing the
information. In the lead up to and early phases of the SWMI, state staff integrally involved in
conducting the studies had access to the data and preliminary findings. But, the USGS
Massachusetts-Rhode Island Water Science Center could not share these data or findings with
other stakeholders until the USGS officially released the study. Multiple advocacy groups have
expressed interest in being able to conduct their own analyses using the USGS data, but in
practice only the state interagency work groups have had the time and resources to build policy-
ready proposals from the USGS datasets and conclusions. As Stephen Estes-Smargiassi of the
Massachusetts Water Resources Authority comments,
There's been an enormous amount of detail data, which has been somewhat made available to
varying degrees, but only a small number of participants are availing themselves of the detailed
data, so mostly what's been used for most people at the technical committee and definitely almost
everybody at the advisory committee has been very high level summaries of the data and in many
cases only a couple of examples of the analyses, one or two subbasins. We're making judgments
off of that. There are some pitfalls in my opinion there (2011).
A related problem is that only a few of the principle stakeholder groups have technical staff
sufficiently versed in hydrology, ecology, statistics, and geographic information systems to
effectively engage with the datasets and conceptual frameworks used in the studies. Those that
do include The Nature Conservancy and the Charles River Watershed Association, as well as
some of the technical consultants sitting on these committees. Sarah Slaughter, an MIT professor
who sits on the Advisory Committee, notes the communication challenges that state staff
confronted, particularly in early committee meetings, around how to present technically-dense
information to committee members with quite varied quantitative backgrounds. For example, the
committee confronted the issue of how to assess whether correlations in a scatter plot are
statistically significant, and whether or not correlations indicate anything about causation
(Slaughter, 2011).
The Importance of Professional Judgments
While scientists strive to make decisions on well-supported data, in reality non-objective
decisions are key to both the creation and interpretation of results. In conducting the USGS
studies, USGS and DFW scientists had to make professional judgments during the variable and
fish sampling site selection process. These judgments are, however, supported through detailed
descriptions of their methodologies. This ensures that the judgments and decisions are
transparent and can be scrutinized during the peer review process. The USGS peer review
process ensures that scientists apply their methods correctly and do not bias studies towards
desired outcomes (State manager, 2011). Likewise, interpreting the USGS studies to construct
policy proposals requires professional judgments on the part of state staff, as when they have
categorized streams by different levels of flow alteration, setting breakpoints that distinguish
degrees of ecological impact (State manager, 2011). While not objective, these decisions are
based in reason and the technical staff's extensive knowledge of the USGS studies, hydrology,
and aquatic ecology. The difficulty for stakeholders comes in identifying the specific
professional judgments that influence the final outcome of a policy or management decision, and
finding the time, knowledge, or data to effectively challenge judgments they might disagree with.
Stephen Estes-Smargiassi of the Massachusetts Water Resources Authority comments that these
judgments in interpreting the science
are mostly made by state staff and if no one objects they're becoming part of the process. And in
some cases people don't necessarily have enough information to know if they should object. We
haven't looked at seven or eight different ways of making the divisions perhaps. Certainly the
advisory committee hasn't. I think that the technical committee has done a little bit of that, but
maybe not a lot ... And sometimes because you haven't seen the background or played with it you
may not realize what the implications are (2011).
Thus, the state staff's support role for the committees has both benefits and drawbacks. Their
hard work enables the process to move forward at a reasonable pace, which would not be
possible if stakeholders were involved in every decision on how to interpret the USGS findings.
But this approach also reduces the participants' level of engagement with, and therefore
confidence in, the scientific and technical information.
The Limitations of the Timeline
Indeed, the timeline of the process was a common issue that participants on both sides of
the process, as well as state staff involved, raised. The Executive Office of Energy and
Environmental Affairs and the state agencies designed the process initially hoping to reach a
conclusion by the end of 2010; that timeline has now been extended through June 2011. To meet
such an ambitious timetable, the typical schedule has been a Technical Subcommittee meeting
followed by an Advisory Committee meeting two weeks later, with each group meeting once a
month. The quick turnaround between meetings has had implications for the use of information
in the process. First, state staff must work very hard to prepare presentations and proposals in
time for the steering committee to review them in advance of the technical and advisory
committees. The need to incorporate written comments from Technical Subcommittee members
and Advisory Committee members after each meeting further compresses the timeline,
potentially limiting the state staff's ability to take stakeholders' views into account. The need for
quick submission of comments in turn reduces committee members' ability to absorb and
critically analyze information. As Stephen Estes-Smargiassi of the MWRA commented,
the schedule has made it difficult because in a fully open stakeholder process all of the data would
be available to everybody early enough for them to do their own iterative evaluations so you might
have a preliminary review of something and then the information would be available for a long
enough time for people to be able to go out to play with it, and then to have another meeting and
have comments that influence the next step. To some extent we have compressed that, which has
made it a little bit more difficult I think for some of the stakeholders who don't have a group of
volunteers or a group of staff working to keep up, and so they're having to rely on either on other
stakeholders' judgments about the validity of the data or the effect of that data or relying on the
state staff (2011).
When committee members submit comments, state staff do their best to adapt the proposed
policy elements in response. However, they have not been able to respond to each comment in
writing, which has generated some frustration (State manager, 2011).
Stakeholder Requests for Infonnation
A key aspect of the SWMI has been participating stakeholders' ability to request
additional information for consideration. This enables advocates and technical and policy experts
to question how given sources of information frame the policy discussion and request specific
information that might fill gaps they have identified. The opportunity for participant input is
limited, though, by some of the constraints of the process. For one thing, the core information
behind the discussions is the USGS studies, which had already been published or were nearing
completion when the SWMI began. The SWMI does not follow the model of joint fact finding,
in which a group of stakeholders comes together to define the questions they need information to
answer, lay out a research agenda, and select mutually agreeable experts to conduct studies and
arrive at answers. State officials sat down with the USGS scientists to figure out how to
accelerate the "Fish and Habitat" study, which was already well underway, when they began the
SWMI, but by the time the committee meetings were underway, the budget for the research had
largely been spent and the studies had moved far beyond the stage where there could be
substantial changes to the methodology, such as the use of the DFW fish database or particular
target fish communities. The state's decision was to build the SWMI discussions off the robust
science that was currently available. That said, committee members do have the opportunity
within the process to ask state staff to conduct new analyses based on the USGS studies, or to
consider other studies they are familiar with (State manager, 2011). A principle example of this
in the process has been the water supply community's request for additional analyses assessing
the current and potential future water supplies in areas around the state (State manager, 2011).
Their objection was that the SWMI had focused on the current condition of waterways rather
than water supplies, and promised to place additional restrictions on the latter without first
understanding their distribution and the existing limitations on future water supply development
(Pederson, 2011; Smith, 2011). The steering committee responded by creating a Water Supply
Metrics Workgroup of committee members to guide a state staff analysis using DEP water
withdrawal records and MassGIS geographic information system data layers about geology,
roads, and urban development (Pederson, 2011). Mark P. Smith of The Nature Conservancy
commends state staff for accommodating such requests for additional information that might
legitimately inform policies emerging from the process (Smith, 2011).
Summary
The management of information in the SWMI has a great influence on the content of
discussions and participants' perceptions of emerging policy proposals. The strong grounding of
the decision making in scientific and technical information has given the process credibility and
allowed debate to focus on solutions to the recognized impacts of human activities on stream
ecosystems. The principal role of state staff in interpreting the USGS studies while developing
policy proposals has made the process more efficient, but has also raised questions about
professional judgments involved. The fast timeframe for the committees' work has been a
particular issue, making it difficult for state staff to accommodate requests and for stakeholders
to review proposals. Stakeholders have had opportunities to request additional information, but
not all organizations participating have the capacity to bring information forward themselves or
fully evaluate the decisions state staff have made in interpreting the science. Such challenges are
to be expected in a time- and funding-constrained process, but do have real consequences for
stakeholders' perceptions of the policies being developed.
Chapter 4: Interactions Between Science and Stakeholders'
Perspectives in the Sustainable Water Management
Initiative
Introduction
The scientific and technical information used within the Sustainable Water Management
Initiative, however strong and widely respected, becomes intertwined in the discussions with
stakeholders' divergent perspectives on water resource management. Any strategy for water
management will impact stakeholders' interests, and will just as inescapably rely on scientific
'facts' and technical frameworks for its justification. Thus, even though participants largely
praise the rigor and relevance of the USGS studies to the SWMI discussions, they have raised
objections over decisions made in their development and their application within the process.
Here water suppliers and environmental advocates differ in their arguments for and against
decisions the USGS scientists and the state have made. The resulting conversations have
influenced the prospects for building consensus, or at least broad support, around new policy
approaches.
Diverse Perspectives Around Water Resources in Massachusetts
The Sustainable Water Management Initiative emerged out of a decade or longer of
controversy in Massachusetts around the permitting of water supply sources and the protection of
ecological communities in rivers and streams. Numerous state agencies, water supply utilities,
municipalities, industrial water users, environmental advocates, scientists, and consultants have
participated in these discussions in various capacities. Each category of stakeholder and each
individual entity holds a distinct perspective around water resources, which influences the way
they perceive real-world conditions, evaluate science and policies, and interact with other
stakeholders.
Water Suppliers
Private and municipal water suppliers in Massachusetts have a dual relationship with the
state's water resources, valuing high quality water sources while at the same time needing to
ensure continued, and potentially increased, access to water supplies. Responsible for ensuring
communities' and industries' access to water for household and economic development
purposes, they face increasing regulatory compliance costs to meet the federal standards under
the Safe Drinking Water Act and other state requirements. Whether departments of municipal
governments, independent public utilities, or private companies, water suppliers bear the burden
of costly and aging infrastructure, sometimes declining revenues from water sales, and strong
public opposition to increased water rates.
Water suppliers represent their interests on state policy issues through the Massachusetts
Water Works Association (MWWA), a membership organization composed of individuals
working for water suppliers or in companies serving the water supply industry. The MWWA
actively lobbies the Massachusetts state government on issues of concern, sometimes in
cooperation with the Massachusetts Municipal Association, which represents the broader
concerns of city and town governments (MWWA). As the Department of Environmental
Protection began scrutinizing applications for new water sources more closely in the early 2000s
in light of the "Stressed Basins" report and USGS studies of flow alteration impacts in the
Ipswich River, water suppliers faced greater uncertainty in their efforts to provide long-term
supplies to their customers. The MWWA lobbied hard against the introduction of new more
restrictive conditions to permits under the Water Management Act. In 2006, the MWWA pushed
for the creation of a Water Management Act Blue Ribbon Panel to review DEP policies, but then
disputed the findings of the panel, stating that it did not follow the state legislature's mandate nor
adequately consider the testimony before it (MWWA). This complaint reflects a repeated water
supplier concern that the state agencies were instituting new more restrictive water use policies
without proper processes to ensure their appropriateness and effectiveness (Pederson, 2011). In a
letter of comment on a new DEP policy about the issuance of WMA permits, the MWWA
asserted that this constituted
... a drastic and misguided policy statement ... adopted without any consultation whatsoever with
MWWA, its members, or the numerous cities and towns affected, or any opportunity to comment
before the policy was implemented. Its stated purpose was to protect stressed water basins,
enhance water conservation, and protect or enhance streamflows. The DEP policy accomplishes
none of these goals. Instead, it imposes statewide burdens on all cities and towns irrespective of
whether or not the municipality is in a stressed basin, radically decreases local receipts from water
rates thereby threatening already stressed municipal budgets, imposes irrational seasonal
limitations on water use which are unattainable in the Commonwealth's seasonal coastal
communities, and most importantly, will not result in restored streamflows in those areas that
desperately need such help (MWWA, emphasis in original).
When, in 2009, the DEP revisited its interpretation of the safe yield of a river basin under the
WMA, the water supply community argued against adding an 'environmental protection factor'
as environmentalists advocated (Pederson, personal communication).
The Massachusetts Water Resources Authority (MWRA), as a state-chartered entity
providing drinking water and wastewater services to numerous Massachusetts municipalities, has
related but nevertheless distinct concerns around the state's water resources from those of the
Massachusetts Water Works Association. The MWRA's water withdrawals from three river
basins in the western and central parts of the state are registered withdrawals, having been
established prior to the passing of the Water Management Act. As the WMA's safe yield
requirement and permit conditions do not apply to registered withdrawals, those rules do not
govern the MWRA's supplies (M.G.L. c. 21G Section 2). Nevertheless, the MWRA's reservoir
capacity and distribution could potentially be a part of a solution to the overtaxing of water
resources in eastern Massachusetts. More broadly, though, the MWRA is a state environmental
agency whose mission, while narrowly focused to water and wastewater service delivery, is
broadly concerned, and tied in, with the quality of Massachusetts water resources (Estes-
Smargiassi, 2011).
Municipalities
Municipalities around Massachusetts have water resources concerns related to but distinct
from those of the water suppliers, and advocate for their interests through the Massachusetts
Municipal Association. Towns and cities rely on high quality and ample water supplies to
support their citizens' lifestyles, and to enable residential and economic development to
continue. Developers cannot build new housing developments and industries will choose to
locate elsewhere if a town does not have adequate and reasonably priced water supplies. Where
municipalities operate their own water utilities they face all the cost pressures of the industry in
addition to the wider fiscal problems facing local governments. Even where private or
independent public utilities supply water, water rate increases can become potent local political
issues. And watershed science in Massachusetts has underscored the impact of non-water
withdrawal stresses of urban development on aquatic ecosystems (Armstrong et al., 2010). Local
municipal governments control land use planning in Massachusetts, so their actions may be key
to ensuring the protection or restoration of the state's waterways.
Watershed Advocates
Environmental nonprofit organizations have played a significant role in discussions
around the Water Management Act and instream flow issues in Massachusetts. These
organizations vary significantly in their form and approaches to advocating for watershed
protection, and by no means speak as one voice in policy discussions. Some, like the Ipswich
River Watershed Association (IRWA), are grounded in a specific watershed and rely on an
active membership and a small group of staff to bring about changes to make the river more
healthy. Most prominent among these watershed groups is the Charles River Watershed
Association (CRWA), which for 45 years has worked with governments and other stakeholders
to improve the water quality in the Charles River. Developing significant scientific and legal
expertise, the CRWA has influenced water management discussions well beyond its geographic
area of focus (CRWA). For example, the CRWA argued lawsuits in the early 2000s on behalf of
the IRWA to force the Department of Environmental Protection to institute more stringent
standards on WMA permits. It intervened against municipalities' administrative challenges to the
resulting Ipswich River permits and submitted an amicus brief in support of the DEP's effort to
apply conditions on the renewal of registered withdrawals under the WMA (CRWA). The
Massachusetts Rivers Alliance serves as a statewide network supporting the work of watershed
associations like the IRWA and CRWA. Other environmental NGOs operating at the state level
and active in the Sustainable Water Management Initiative include Mass Audubon and the
Environmental League of Massachusetts. National-level environmental groups include The
Nature Conservancy, Trout Unlimited and the Conservation Law Foundation, which bring both
scientific and legal expertise and experience on similar water management challenges in other
contexts around the United States. The Nature Conservancy, in particular, has been engaged on
instream flow issues around the country for many years and has contributed to both scientific
understanding and the development of new policy solutions.
All of these environmental organizations strongly support strict regulation of water
withdrawals and the protection of instream flows necessary for the health of aquatic
communities. Influenced by growing scientific understanding of the importance of natural flow
regimes to ecosystems functions, these organizations see ample opportunity for communities to
reduce water use and for the DEP to institute stricter permit conditions and instream flow
standards under the Water Management Act.
Other Participants
Other notable participants in Massachusetts water policy discussions include consultants,
EPA (Environmental Protection Agency), USGS, and academics. Among consultants, some have
opinions more aligned with the water supply industry on Water Management Act and instream
flow issues, while others are more aligned with watershed advocates. Ralph Abele, Instream
Flow Coordinator for the EPA's Region One office, has been active - along with Mark P. Smith
and Colin Apse of The Nature Conservancy - on stream flow issues around New England for
many years, helping to promote information sharing between the states and different scientific
efforts (Abele, 2011). A few academic experts have also been active on these issues through their
knowledge of hydrology, law, infrastructure management, and other areas, as well as, in some
cases, their roles on the boards of advocacy organizations involved (EOEEA).
State Agencies
The Department of Environmental Protection has responsibility for implementing the
Water Management Act as well as state regulations under the Clean Water Act and Safe
Drinking Water Act (MDEP). The DEP tracks registered and permitted withdrawals, reviews
applications for new sources, and monitors water quality in the state's waterways. It has a dual
mission of protecting the state's aquatic resources and overseeing the provision of safe water
supplies for drinking and economic purposes. As a regulator, the DEP faces close scrutiny from
water suppliers and watershed advocates in the writing and implementation of its regulations.
When the DEP introduced the 2001 "Stressed Basins" classifications into its new source review
process to help identify basins where withdrawals should be more carefully regulated, the water
supply community protested vigorously. When USGS studies demonstrated the negative impacts
of water withdrawals on fish communities in the Ipswich River, it introduced new permit
conditions in withdrawal permits for that basin, including per capita water use standards and
seasonal or flow-triggered outdoor water use restrictions. When the DEP moved to apply these
same conditions to permits statewide, water suppliers and municipalities lobbied to try to prevent
this. Likewise, when the DEP proposed a new way of calculating the safe yield of river basins in
October 2009 that did not explicitly factor in ecological flow needs, the environmental
community objected strongly (Landwehr, 2009; MEOEEA, 2009).
The Water Resources Commission (WRC) is a committee tasked with developing
Massachusetts water policies and implementing the Interbasin Transfer Act. Its responsibilities
include reviewing and approving DEP regulations promulgated under the Water Management
Act. Under Massachusetts laws, the Commission
shall consist of the Secretary of the Executive Office of Environmental Affairs, the Commissioner
of the Department of Environmental Protection, the Commissioner of the Department of
Conservation and Recreation, the Commissioner of the Department of Fish and Game, the
Commissioner of the Department of Food and Agriculture, and the Director of Housing and
Community Development, all of whom shall serve ex officio, and 5 persons to be appointed by the
governor (M.G.L. c. 21A Section 8A).
With the Department of Conservation and Recreation's Office of Water Resources serving as its
staff, the Water Resources Commission helps set the direction of Massachusetts water policy
(MDCR). For example, the 2001 "Stressed Basins" report grew out of a 1999 Water Resource
Commission directive to an interagency group to define what constitutes a stressed basin
(MWRC). A senior manager with the state's water program anticipates that policy proposals
developed by the interagency steering committee, with advice from the Sustainable Water
Management Advisory Committee and Technical Subcommittee, will likely be brought before
the Water Resources Commission for approval before going into force (2011). Whereas the
committees of the SWMI are ad-hoc, the Water Resources Commission holds statutory authority
under the Water Management Act and Interbasin Transfer Act to shape policies and enact
regulations, with votes taken during meetings. Nevertheless, its five public members, who form a
slight minority on the Commission, draw from the same key stakeholder groups active in the
SWMI. 7
7 Chapter 21A Section 8A of the Massachusetts General Laws states that the Water Resource Commission's "5
members appointed by the governor for a term of three years shall each represent a major type of water user, have a
demonstrated knowledge in at least one area of water resource management, have a demonstrated interest in
statewide water resource issues, and an ability to address all issues at a level of expertise commensurate with the
The Office of Water Resources in the Department of Conservation and Recreation serves
as the staff for the Water Resources Commission, developing technical reports and policy
documents to support the Commission's agenda. Lacking direct regulatory authority over the
state's water resources, the Office of Water Resources has therefore focused on advancing
scientific knowledge of Massachusetts watersheds and policy discussions at the Water Resources
Commission level. This office has been a primarily liaison between the state environmental
agencies and the United States Geological Survey's Massachusetts-Rhode Island Water Science
Center in the development of key hydrologic and ecological reports that now support the
Sustainable Water Management Initiative.
The Division of Fisheries and Wildlife (DFW) within the Department of Fish and Game
has focused substantial resources since the mid-1 990s on developing a database of sampling data
on fluvial fish communities in rivers and streams around the state (State manager, 2011). This
DFW data has been a key component of USGS scientific reports underlying the Sustainable
Water Management Initiative, first on the Ipswich River and then in the statewide "Fish and
Habitat" study on the stressors affecting fish communities (Armstrong et al., 2001; Armstrong et
al., 2010). DFW staff are therefore active in the Sustainable Water Management Initiative, both
supporting the integration of science into the process and speaking from their role overseeing the
state's fish and wildlife resources.
The Executive Office of Energy and Environmental Affairs (EEA) (formerly the
Executive Office of Environmental Affairs) under the Governor oversees the regulation of
Massachusetts water resources alongside a wide range of other environmental issues. David
Cash, the Undersecretary for Policy in EEA chairs the Sustainable Water Management Advisory
Committee and steering committee of agency staff. Kathleen Baskin, the Director of Water
Policy for EEA, serves as project manager for the SWMI. The EEA is concerned with advancing
the Governor's agenda and coordinating the work of the agencies under its authority to
effectively manage the state's water resources. When the DEP's fall 2009 policy on determining
the safe yield of basins met substantial political opposition from environmental advocates, the
commission's mandate; provided, however, that one member so appointed shall be a member of the groundwater
industry. The governor's appointments shall be made with appropriate consideration being given to a list of
candidates provided by the secretary of environmental affairs."
Governor stepped in and asked the EEA to include reconsideration of the development of safe
yield in the Sustainable Water Management Initiative.
Summary
The Sustainable Water Management Initiative brings together a group of stakeholders
with a wide range of perspectives and concerns related to water management.8 Most, if not all, of
these individuals and institutions have been active in water policy discussions over the previous
decade. They know each other through interactions both cordial and antagonistic, having at
intervals worked together on committees and faced off in lawsuits. The SWMI marks a new
opportunity for most of the key players to sit down together with a collective purpose and a
commitment from the Executive Office of Energy and Environmental Affairs to move state
water policy forward. Yet as the SWMI has brought scientific information forward to help
inform the policy discussions, these participants have brought their perspectives and policy
concerns with them as they interpret the science and advance arguments in support of their
interests.
Stakeholders' Respect for and Critiques of the Science
The stakeholders participating in the SWMI, broadly, have a high level of respect for the
science in the process because of the professionalism and scientific integrity of USGS
Massachusetts-Rhode Island Water Science Center. This aspect of the process is itself quite
remarkable - having a diverse group of stakeholders discussing water policies with the scientific
argument for more sustainable management as a common point of agreement (Van Deusen,
2011). Indeed, in a sense the new USGS studies serve as a reason for all the parties to come
together and talk, exploring their long established values-based conflicts in light of the insights
or corroboration that science provides (Estes-Smargiassi, 2011). However, participants
acknowledge the inevitable tendency for stakeholders' perspectives to influence the ways they
perceive and interpret the science.
8 It is notable, however, that the committees do not include either economic development interests or statewide or
local elected officials (aside from a Massachusetts Municipal Association senior legislative analyst) (EOEEA).
Focusing on the Limitations ofthe Science
One critique that the Massachusetts Water Works Association (MWWA) has raised about
the USGS studies is that the specific limitations they acknowledge could make them
inappropriate for use in the SWMI. Jennifer Pederson of the MWWA has pressed for additional
debate over the studies before applying their findings in the process. In her view, the fast pace of
the SWMI meeting schedule has restricted the opportunities to debate the studies. Pederson
argues that
certainly if you're going to base policy on the report you want to know what the limitations are of
the science ... [but] other than us raising them, there have been no discussions about the
limitations of the report (2011).
She is particularly concerned because the reports built on each other, so that the assumptions and
professional judgments made in one study became ingrained in the next.
Each of the principal USGS reports cites the limitations of the research it presents,
following common practice in peer-reviewed scientific publications. The Sustainable Yield
Estimator (SYE) report acknowledges that its calculations are only useful for subbasins with
characteristics (such as subbasin size) in the range that informed the regression equations built
into it; that there is no way of calculating confidence intervals on the stream flow values it
produces; that the withdrawal and discharge data informing it have limitations; and that it
inadequately accounts for dams, septic-system discharges, private domestic wells, other
relatively-small private water withdrawals, and impervious cover impacts on flows (Archfield,
2010). The "Massachusetts Water Indicators" study cites limitations including its aggregation of
SYE-calculated daily flows into multi-day or annual averages, compounding uncertainties; the
challenge of accounting for time lags in the effect of groundwater withdrawals on adjacent
surface waters; incomplete accounting for dams; and the lack of water quality data on a full 56%
of Massachusetts stream miles that had not been assessed (Weiskel et al., 2010). The "Fish and
Habitat" study discusses the varying statistical significance of the linear regression models, the
low reliability of predictions from statistical species abundance models in particular, the
existence of other variables influencing fish communities but not included in the regressions, the
exclusion of variables that were known to be relevant but that did not exhibit statistically-
relevant relationships, and the regression of stream flows calculated from 45 years of stream
gauge data and five years of withdrawal and discharge data against fish community samples
collected only at one point in time (Armstrong, 2010). It also suggests the potential for more
detailed species-by-species analyses of the impacts of flow alteration stress on fish, to make fish
community composition a more precise measure for ecological impact, work that will be
included in the full version of the study to be published in 2011 (Abele, 2011; Armstrong, 2010).
These are long lists of limitations, but for scientific and technical studies of this complexity they
are hardly remarkable. Indeed, one of the strengths of the USGS reports is their clear explanation
of the assumptions, data limitations, methodological constraints, and possible subsequent lines of
inquiry that should inform any interpretation of their findings.
To scientists deeply involved in the studies, such objections over the acknowledged
limitations of the research are frustrating. As a senior state manager commented, there are
limitations to every dataset and study. Unfortunately, illustrating that uncertainty makes the
science look bad in comparison to assertions that stakeholders make, because the uncertainty of
those assertions remains unquantified. Thus, even though the science has greatly advanced
knowledge of the question at hand, people don't want to take actions in response because of
remaining unknowns. In this manager's view, the only strategy scientists can adopt is to be
upfront about the limitations of their work (State manager, 2011). One response that state staff
have made to such criticism over limitations of the studies is to acknowledge and underline the
fact that the SYE modeled flows are just that, modeled. They do not necessarily predict
accurately what flows will be on a given day, nor are the datasets they rely on entirely free of
bias, though state staff did all they could to remove problematic stream gauges and fish
community samples. Rather, the SYE and Massachusetts Indicators are statewide screening-level
calculations of natural flows and current conditions in each subbasin. They serve to inform
statewide policy discussions, but more detailed hydrologic modeling or other local studies could
supplant them in permit decisions within a given subbasin. In other words, the state is proceeding
in the policy-making phase with the 'rebuttable presumption' that flow alterations in a given
basin impact instream flows as modeled in the USGS studies, a presumption that water suppliers
or environmental advocates could challenge with additional site-specific information during the
implementation of any regulations (State manager, 2011).
Fish Community Data as a Proxy for Ecosystem Health
A second critique of the science in the SWMI is that it may be focused on the wrong
variables to answer the questions the initiative is asking. In particular, water suppliers have
questioned the use of fish community data as a proxy for the general ecological health of the
state's waterways. This view stems in part from a science-based argument that other ecological
variables like the composition of invertebrate communities might more accurately represent the
ecological condition of waterways (State manager, 2011). It is also partly political and
philosophical, asking whether the composition of fish communities is really the environmental
characteristic that Massachusetts citizens care most about in their rivers and streams. There are
many other qualities the average person values in a river, from the clarity of its water to the
recreational opportunities to the abundance of great blue herons (Estes-Smargiassi, 2011). The
fish sampling data used in the USGS "Fish and Habitat" study may not correlate with those other
values at all. The criticism of the choice to use fish data also reflects skepticism about the
outcomes of the USGS studies, as interpreted by state staff in the SWMI. Classifying the current
conditions in Massachusetts rivers and streams according to degree of hydrological alteration and
biological condition, these analyses mapped a large fraction of Massachusetts waterways,
particularly in eastern Massachusetts, as 'severely degraded.' Stephen Estes-Smargiassi of the
MWRA argues that even if these characterizations of stream flows and fish community health
are accurate, those two measures are not adequate surrogates for the whole suite of variables that
determine environmental quality, either scientifically or as people value it (2011).
A senior state manager who has taken a lead role in responding to questions about the
science used in the SWMI process readily acknowledges the criticisms and responds with two
points, one methodological and one practical. First, while stakeholders have proposed various
other measures for ecological impact, the USGS and DFW staff chose to sample fish
communities because they are particularly sensitive to flow alterations. In the manager's view, it
is quite logical for researchers to focus on species that are responsive to the stressors being
studied (State manager, 2011). For example, Massachusetts citizens may care about having great
blue herons along their rivers, but great blue herons are not influenced as directly as fish by
stream flow levels. Studies of New England fish communities had classified species based on
their stream flow requirements, enabling scientists to compare fish sampling data to the target
fish communities that might be expected in an area under natural flow conditions. For the USGS
and state scientists interested in assessing the ecological impacts of flow alterations, fluvial fish
were a clear choice as an indicator. Fish were also the practical choice. The DFW had started
developing a statewide database of fish community sampling in the late 1990s and the USGS had
integrated this data into studies on the Ipswich, Blackstone, and Sudbury/Assabet basins.
Moreover, DFW staff extensively screened the fish database before including these data in the
USGS "Fish and Habitat" study, removing sampling locations where flow conditions, sampling
approaches, the gear used, or other factors might have biased the result. The senior state manager
emphasizes the importance to research of a large dataset collected with a standard methodology,
and underscores the difficulty of incorporating other data sources late in the process. No
similarly extensive and well-documented database existed with invertebrate or aquatic plant
sampling data or other possible indicators (State manager, 2011). In sum, the USGS and DFW
scientists selected fish community composition as a proxy for the general ecological health of
Massachusetts rivers not because fish community health was considered the principal
environmental characteristic of concern, but because fluvial fish are sensitive to the effects of
flow alteration and had been extensively and consistently sampled around the state.
Selection of Fish Species
A third critique (by one individual) of the science in the SWMI has focused on the
selection of specific fish species for inclusion in the target fish community analysis performed in
the USGS "Fish and Habitat" study. The "Fish and Habitat" study uses the classifications
developed by Bain and Meixler (2000), which designate specific southern New England fish
species as either macrohabitat generalists, fluvial dependents, or fluvial specialists based on the
flow conditions their life cycles depend on. The scientific argument is that those fish species that
rely most on a natural flow regime are most sensitive to human modifications to stream flow, and
thus serve as the best indicators of ecological impact (Abele, 2011). However, one consultant in
the water supply industry, who observes the SWMI but is not officially a member of either of the
committees, has questioned the choices of fish species in the "Fish and Habitat" study. He argues
against the selection of one fish, which he argues was never naturally present in eastern
Massachusetts rivers and streams, and for the use of another species that the DFW biologists did
not include in the target fish community. A senior state manager and Ralph Abele, Instream
Flow Coordinator at EPA Region One, worked to respond to these criticisms, pointing to the
study's reliance on the first species only in regions of the state where it was known to naturally
occur and the exclusion of the second species because it is classified as a macrohabitat generalist,
insensitive to stream flow alterations (Abele, 2011; State manager, 2011). While Abele and the
state manager took pains to describe their efforts to answer the individual's concerns, other
stakeholders have questioned both the substance of and motivations for his criticisms. The
release of the full version of the USGS "Fish and Habitat" report in 2011 may help resolve this
question, applying a method called TITAN to track the sensitivities of fish to various stressors,
species by species (Abele, 2011).
Stakeholders' Views on How the Science Is Applied
Stakeholders' perspectives have affected not only how they perceive the science itself,
but also how they perceive its use within the process to develop policy. Their comments reflect
reactions to the process's design, but also fundamental disagreements founded in participants'
values and the outcomes they hope the initiative will achieve. Notably, advocates among both the
water suppliers and environmentalists lament the influence of politics in the discussion. Margaret
Van Deusen of the Charles River Watershed Association notes the tendency to leap ahead to
policies that are politically feasible, justifying their scientific underpinnings later rather than
building the policies directly out of the science (Van Deusen, 2011). And Jennifer Pederson of
the Massachusetts Water Works Association says that,
It would be great if it was purely a scientific process, but ... we think that the politics have played
far too much of a role in the decisions that have been made (2011).
As ideas develop in the Technical Subcommittee and Advisory Committee it can be difficult to
identify where the science lets off and where the politics begins.
The Technical Subcommittee and Advisory Committee's Roles
One observation that both environmentalists and water suppliers make about the use of
science in the SWMI is the incomplete separation between the roles of the Technical
Subcommittee and Advisory Committee. By design, the Technical Subcommittee is supposed to
give feedback on technical questions, while the Advisory Committee provides advice on both
policy and technical issues (State manager, 2011). Stakeholders on both sides of the debate
express support for the value of having a neutral technical body supporting a policy committee
(Estes-Smargiassi, 2011). However, the topics that state staff have put before the committees do
not necessarily break down easily into technical and policy components (Smith, 2011; Van
Deusen, 2011). The state would have to ask very narrow questions of Technical Subcommittee
members to enable them to make purely technical judgments, particularly given that the
Subcommittee is large and many of its members come from the same organizations represented
on the Advisory Committee (Estes-Smargiassi, 2011). Even when a question is purely technical,
it can be difficult for Technical Subcommittee members to avoid considering - and discussing -
the policy implications of the decision. For example, the Subcommittee has discussed how best
to classify the current conditions of rivers and streams in subbasins around the state. On the face
of it, this should be a purely technical task. However, it appears that the state may decide to set
goals for the future protection or restoration of waterways based on their current condition. This
has meant that the technical classification of subbasins by condition has important policy
implications about which rivers will receive what treatment under a new regulatory program
(Estes-Smargiassi, 2011; Smith, 2011; Van Deusen, 2011). As Mark P. Smith of The Nature
Conservancy comments,
If you want to talk about how to use [current conditions] for goals setting, that same information,
well goals setting is in my mind significantly different - it's informed by science - but it's a social
decision about what you want the goals for the rivers to be ... I think in general the Technical
Subcommittee has been pretty good about saying, well we're willing to do this classification, but
goal setting is not a technical decision, so Advisory Committee you should do it (2011).
In the end, the current condition classification was one policy proposal that the Technical
Subcommittee did fully discuss and put its support behind (Smith, 2011). Its significance in
determining the protection or restoration goals has remained a point of concern, particularly for
environmental advocates.
The integral role of the steering committee may in part explain the incomplete separation
between the Technical Subcommittee and Advisory Committee's roles. In practice, the steering
committee has reviewed presentations and policy proposals to be brought before both the
committees, giving state staff direction about how to incorporate Technical Subcommittee
feedback before moving ideas to the Advisory Committee. This intermediary role means that the
Technical Subcommittee does not directly support the Advisory Committee by peer reviewing
the science and crafting its own proposals - as a technical workgroup might in theory - but rather
provides another layer of more technical feedback in a steering committee-directed process of
policy development. The distinction is subtle, but stakeholders have expressed the perception
that state staff are putting much the same proposals before both committees, first to the Technical
Subcommittee and then to the Advisory Committee two weeks later (Van Deusen, 2011). This
may reflect confusion about the initial design of the process. A senior manager with the state's
water program states that the Advisory Committee provides advice on both technical and policy
matters, so it may be appropriate for it to reconsider technical aspects already put before the
Technical Subcommittee (2011). On the other hand, Advisory Committee members on the whole
have less technical backgrounds - and correspondingly more policy expertise - than
Subcommittee members. A staff presentation on current Water Management Act water
withdrawal permitting practices given in much the same form, first to the Technical
Subcommittee and then to the Advisory Committee two weeks later in March 2011, yielded a
much more technical discussion in the former and a wide-ranging policy discussion in the later.
Current Conditions and Goals - Which Comes First?
Environmental advocates have objected to the approach to goal setting used in the SWMI
process. The state staff have proposed applying a gradation of regulatory requirements protecting
instream flows to rivers and streams based on their current condition. Under this scheme,
waterways that are currently in excellent condition would receive the greatest protection, while
larger flow alterations would be allowed in rivers whose condition is already poor. The larger
withdrawals would be permitted only in conjunction with mitigation measures, but it is unclear
whether those mitigation measures would be sufficient to improve ecological conditions or only
reduce negative impacts. Environmentalists argue that the process should have established its
goals for rivers and streams first, not necessarily with respect to current conditions, which reflect
years of urban and industrial development and inadequate regulation under the Clean Water Act
and Water Management Act. As Mark P. Smith of The Nature Conservancy describes the
discussions,
[The state staff] first said that we were going to do current conditions and then talk about goals
separately, but then it became clear that the current conditions and those classifications were going
to be a framework for goals. We spent some time saying that doesn't necessarily have to be the
case, you might want to set goals separately and then look at the current conditions. Just because
something is in bad condition today, does it automatically get a lower goal than something that
isn't? You could set goals based on other criteria besides its current condition. So I think there was
a healthy discussion, I know I made a number of comments, and we actually put some different
suggestions on paper to give them ideas of different ways to talk about goals (2011).
Indeed, this was one area where The Nature Conservancy committee members brought
additional information to the Technical Subcommittee, presenting insights from similar
processes they had been involved in elsewhere in the United States.
Stephen Estes-Smargiassi of the Massachusetts Water Resources Authority critiques the
current conditions and goal setting process from a similar, but distinct, angle. In his view, the
availability of the USGS scientific studies has directed discussion and goal setting in the SWMI
toward those aspects of the situation that they describe. In his words,
There's the whole joke about looking for your keys under the street light. To some extend what's
happened is that we've had this USGS work going on for good reasons but not specifically related
to this. And it has allowed us to spend a lot of time focusing on current conditions. And there are
[committee] members who asked, couldn't the technical committee come up with goals based on
this stuff? And so the availability of some data has caused us to focus on those questions that the
data supports. And we haven't spent much time thinking about how do we think about goals and
how do we think about what we want the future to look like ... (Estes-Smargiassi, 2011).
Part of Estes-Smargiassi's objection is grounded in skepticism by some stakeholders about the
large number of rivers and streams that the state staff have classified as 'severely degraded,' and
the resulting sense that the flow metrics and fish data used to evaluate impact may not accord
with a common-sense assessment of environmental quality. In his words,
I've seen these streams; I've been around the Commonwealth. I don't think the average citizen,
nor the average environmentalist would walk along a stream and say 'This is grossly degraded'
(Estes-Smargiassi, 2011).
His concern is that while it is logical to build goals off of the current condition classification, that
choice may prevent consideration of other measures that may more accurately represent what
Massachusetts citizens are looking for in their rivers and streams. Indeed, his larger point is that
while the detailed characterization of Massachusetts water resources is extremely informative, it
does not necessarily help the state or the wider group of stakeholders make the difficult values-
based decisions about how to manage them. As he elaborates,
We've focused a lot of energy into the current conditions. I think folks lulled themselves into a
sense that this would provide answers as opposed to simply providing a picture ... We could have
worked our way backwards and said if we want to be able to achieve certain goals, how would we
measure success and see what kind of information, quasi-data would support our seeing how well
we're doing at the goal. We have a disconnect that our goals may not be measurable by the same
things that our current conditions are (Estes-Smargiassi, 2011).
In short, grounding the SWMI in the USGS studies has provided a base of information that
supports goal setting and metric development based off one set of values - a biologic focus on
the health of fish communities as a proxy for broader ecological function - that does not
necessarily reflect the values of the wider political community. SWMI stakeholders may go
along with goals built on the framework of the current condition classification now, but when the
regulatory implications become clear some may question how feasible the objectives of the
process are. For example, Jennifer Pederson of the Massachusetts Water Works Association
notes that the extent of development in the state would make it unrealistic to aim for pristine
flow conditions such as existed in pre-colonial times (2011).
The Role of Impervious Cover
A significant insight from the USGS "Fish and Habitat" study that has prompted much
discussion among the SWMI stakeholders is the impact of impervious cover on the health of fish
communities. It was common knowledge before that impervious cover and related impacts of
urbanization had some negative effect on rivers and streams (Smith, 2011). However, the "Fish
and Habitat" study quantified this, finding that a 1 percent increase in impervious cover
correlates with 2.5 and 5.5 percent decreases in two fluvial fish metrics (relative abundance and
fluvial-fish species abundance) while a 1 percent increase in flow alteration corresponds to only
an 0.4 percent decrease in relative abundance (Armstrong et al., 2010).9 It is important to note
that the magnitude of a 1 percent increase in impervious cover versus a 1 percent increase in
flow alteration may not be directly comparable. But these are nevertheless dramatic statistics
tying declines in fluvial fish to the effects of urbanization broadly, including both flow alteration
and impervious cover (Weiskel, 2011). When the USGS released this study in 2010, water
suppliers were quick to highlight this finding that their water withdrawals are not the only, or
even the biggest, factor impacting aquatic environments. They point out that the WMA may
happen to give the state regulatory leverage over their activities, but responsibility would fairly
be shared more broadly (Pederson, 2011). Environmental advocates counter that the "Fish and
Habitat" study also demonstrated that water withdrawals have impacts, the state has the authority
to regulate withdrawals directly, and withdrawals take place within the built environment; it is
not an "either or" (Van Deusen, 2011). As Mark P. Smith of The Nature Conservancy comments,
It did bolster what the water suppliers had been saying, 'Look, the health of these streams is not
only about flows. There's a lot of things, and flows might not even be the biggest thing. So why
are you picking on us?' I think from our perspective, that was interesting data, but if you're really
trying to work on protecting the flows of the river, understanding the confounding factors is
important, but doesn't minimize the need to protect flows. Because we know that the low flows or
9 Quoting the USGS "Fish and Habitat" study, "The GLM models indicated that, keeping all other variables the
same, a one-unit (1 percent) increase in the percent depletion or percent surcharging of August median flow would
result in a 0.4-percent decrease in the relative abundance (in counts per hour) of fluvial fish and that the relative
abundance of fluvial fish was expected to be about 55 percent lower in net-depleted streams than in net-surcharged
streams. The GLM models also indicated that a unit increase in impervious cover resulted in a 5.5-percent decrease
in the relative abundance of fluvial fish and a 2.5-percent decrease in fluvial-fish species richness" (Armstrong et al.,
2010: 1).
no flows are still harmful to fish and other aquatic species. I think about it like environmental
programs in general, like the Clean Water Act, a factory's discharge isn't really made less
stringent because there are other factories on the river, it's actually just the opposite. Everybody is
responsible to meet water quality factors, and after all the permits are issued, if the water body still
doesn't meet its standard, then they do a [Total Maximum Daily Load] to say, 'How much farther
do we need to go?' And so my view in this case was, on the flow issue, every water user should be
responsible for maintaining adequate flows to protect their stream and if there are other issues,
whether it's connectivity or impervious surface, those should be addressed too. So from a state's
holistic perspective, you want to address all of those issues: impervious surface, connectivities,
and flows (2011).
Smith notes that just because multiple factors impact fish, that does not mean they all have to be
addressed at the same time in this initiative, particularly when the EPA is implementing new
stormwater regulations. Indeed, environmental advocates expressed concern that reactions to the
impervious cover finding may distract from the important work of the initiative (Smith, 2011;
Van Deusen, 2011). Nevertheless, Peter Weiskel of the USGS praised the state staff's handling
of this issue, noting that,
The state agency staff folks have been great to work with at these kinds of points. They don't say
'Oh, we can't be showing that about impervious cover - we won't have a lever to pull or to push
with respect to the WMA and the permitting of withdrawals.' There has never been that kind of
response. There's a real openness to getting what's actually going on, and a recognition that the
policy demands can't drive the science. The science is going to be the science whatever it is, and
the policy people, it's their job to cope with that (2011).
And the recognition that actions to address effective impervious cover may be key to improving
the health of the state's water resources has added weight to proposals to leverage WMA
permitting to achieve broader land use and other changes benefiting rivers and streams
(Pederson, 2011; State manager, 2011).
Significant scientific uncertainty remains about how exactly impervious cover degrades
fish communities and what measures can best mitigate its impacts (Weiskel, 2011). One sobering
finding of the "Fish and Habitat" study is that even very low percentages of impervious cover in
an area correlate with fish community impact (Armstrong et al., 2010). However, correlation
does not necessarily imply causation. It is also important to consider the possibility that the
correlation may not reflect impervious cover directly, but rather a range of other closely related
stressors like reduced shading from trees, the increased temperature of runoff, the speed at which
runoff travels to streams off of pavement, or the pollutants, such as salt, picked up off of
impervious surfaces (State manager, 2011; Van Deusen, 2011). The particular factors related to
impervious cover that stress fluvial fish will determine how possible it is to reduce impacts (Van
Deusen, 2011). For example, if simply disconnecting impervious surfaces from storm sewers
through the use of green infrastructure is enough to remove the stressor, then the problem is
much more solvable than it would be to rip up all the impervious cover in eastern Massachusetts.
More broadly, though, there is some question about whether, just because impervious cover
correlates with degraded fluvial fish communities, does that mean that actions to mitigate that
impact will necessarily yield fish improvements? A senior state manager responds that while it is
very difficult to predict the exact benefits to be gained, mitigating the effects of impervious cover
would be unlikely to negatively impact fish communities, and could be expected to yield at least
some improvement (2011). Nevertheless, some sense of the underlying causes and how effective
different responses are will be key to designing policies that achieve the desired outcomes
(Estes-Smargiassi, 2011).
Analyzing Stakeholders' Opinions on Science in the Process
Table 1: The Influence of Stakeholders' Perspectives on their Views of the Science and Its
Application in the Process
Issue Water Suppliers Environmentalists
Opinions on the
Science
MWWA: The limitations that the The SWMI is using some of the best
USGS studies acknowledge may make watershed science available in any US
Limitations their tools and findings inappropriate state, science that makes abundantly
for use in this statewide policy making clear the impacts of human stressors on
process. aquatic ecosystems.
The specific makeup of fluvial fish To assess the health of aquatic
Fish as Proxy for communities may not be an accurate ecosystems it makes sense to select aFsh s measure for what the public values in variable like fish community
Ecosystem healthy rivers. composition for which extensive data
have been collected using consistent
methodology.
A consultant in the water supply The USGS methodology accounts for
industry: One of the fish species used species' natural ranges, and the study
in the Fish and Flow study is specifically chose fish species that are
Fish Species Selection inappropriate for assessing the impacts sensitive to flow changes so as to be able
of water withdrawals due to the limits to measure their impact.
of its natural range, and a different
species should have been included.
Opinions on the
Use of the Science
Technical questions that the Technical Technical questions that the Technical
Roles of Technical and Subcommittee is discussing have Subcommittee is discussing haveRdior of malee a important policy implications, which important policy implications, which
Advisory Committees should be discussed by the Advisory should be discussed by the Advisory
Committee. Committee.
Goals for the protection of rivers and Goals for the protection or restoration of
Current Conditions and water supplies should be set based on a rivers should be set first, based onGon s a broader discussion, not just the current multiple criteria, not only current
Goals conditions as characterized in the conditions.
USGS studies.
The USGS Fish and Flow study The USGS Fish and Flow study does
demonstrates that impervious cover has show the great impact of impervious
a bigger impact on streams than water cover - or urbanization more broadly -
Impervious Cover withdrawals, so the SWMI should find but that does not remove the need to
ways to address that issue, and not rely address the water withdrawal impacts
only on limiting withdrawals. that the study also demonstrated.
As Table 1 illustrates, the two broad groups of stakeholders participating in the SWMI -
water suppliers and environmentalists - hold opinions on the science and its use within the
process that sometimes align and sometimes diverge. While both groups express respect for the
overall quality and usefulness of the USGS science, it is members of the water supply
community that have raised questions about the limitations the studies acknowledge and specific
professional judgments made in the their design. Environmentalists instead highlight the
remarkable scope and depth of the research, and affirm the appropriateness of the metrics chosen
in the USGS studies to sensitively track the impacts of stressors on ecosystem health. As for the
use of the science within the process, water suppliers and environmentalists broadly agree that
there has been overlap in the roles of the Technical Subcommittee and Advisory Committee, and
there should be a discussion of goal setting on a broader basis than just the current conditions
documented in the USGS studies. The two groups disagree on the bearing that the USGS "Fish
and Habitat" study's findings about impervious cover should have on the SWMI process, but in
practice have worked with the state to refine proposals limiting water withdrawals in some cases
or conditioning increases on mitigation to address the impacts of flow alteration and impervious
cover.
Chapter 5: The Potential for Consensus and Innovative
Policies in the Sustainable Water Management Initiative
Introduction
In evaluating the prospects for consensus and innovative new policy approaches arising
out of the SWMI, it is important to first define the types of consensus and innovation this study
considers. I define consensus as the agreement of all - or if not all, the great majority - of
participants to support a particular course of action. I will loosely define innovative approaches
as new processes or policies that advance Massachusetts water practices toward the long-term
ideal of integrated water resource management. The SWMI, then, itself marks an innovation in
bringing together the state agencies with complementary and overlapping responsibilities over
water management as well as a range of external stakeholders. The scientific and technical
information in the process deeply influences the prospects for crafting innovative policies. The
development of this information, its consideration and interpretation within the process, and its
interaction with stakeholders' perspectives all shape the form and acceptability of the policy
proposals under development. This chapter will examine the possibility of reaching consensus,
the context for innovative water management strategies in Massachusetts, and specific ideas that
have surfaced within the SWMI process that might move the state toward integrated water
resource management.
Consensus: Possible or Even Desirable?
As the state works to develop new policy approaches through the SWMI, a persistent
question is whether the committees, and particularly the Advisory Committee, will be able to
build support around any particular policy approaches. The EEA did not set consensus as an
objective of the process, but its aim is to develop new water management regulations that will
ideally carry the support of at least the principal moderate stakeholders. As senior managers with
the state's water program describe the EEA's purpose, the goal is to gather advice on how to
sustainably manage water resources for ecological and human needs. The state is putting out
ideas, getting feedback, and developing new alternatives based on the committee members'
responses, with the expected result being more scientifically robust and broadly supported
policies. The initiative is both a public vetting of policy ideas and an educational process
enabling stakeholders to understand the logic behind state policies. While consensus would be
great, it is not clear that that is possible, so the hope is to build broad agreement on approaches
that can guide the Secretary for Energy and Environmental Affairs' thinking (State managers,
2011). In other words, the EEA is more concerned with getting the right answer, specifically an
answer that will meet the core water needs of both water suppliers and the environment within
the framework of the WMA. The advisory nature of the committees preserves, at least in theory,
the Secretary of EEA and department commissioners' prerogative to shape the final policies
adopted.
Both conveners and participants in the process see opportunities for agreement, but doubt
that it will be possible to develop a consensus around an overall policy approach. A senior state
manager points out that consensus isn't all or nothing. You can build consensus on some aspects
of a problem even if overall agreement is not possible (State manager, 2011). This could be the
consensus that Margaret Van Deusen of the Charles River Watershed Association highlights
around the idea of offsets to mitigate the impacts of water withdrawals, or the consensus that a
senior state manager recognizes on the need for greater clarity in the water withdrawal permitting
process (State manager, 2011; Van Deusen, 2011). But, Mark P. Smith of The Nature
Conservancy says that,
I think that true consensus on any controversial issue or one with different opinions is hard to
achieve because if you're going to do true consensus, any one person can block it for whatever
reason (2011).
Likewise, Stephen Estes-Smargiassi of the MWRA believes that structural factors stand in the
way of agreement, namely the conflict between the statewide approach that environmentalists
advocate and the locally-tailored solutions that water suppliers favor (2011). Even when there is
general agreement on the desired outcome, as in the offsets to mitigate withdrawals, there may
be strong disagreement on the methods to get there (Van Deusen, 2011).
Environmental advocates argue that consensus is not even a desirable goal in a policy
making process to protect natural resources. In their view, the law protects environmental
interests, and environmental agencies hold the responsibility for their enforcement. Thus, at the
end of the day, the agencies, not groups of stakeholders, should be making the policy decisions -
decisions informed by information from the stakeholders (Van Deusen, 2011). Their concern
reflects in part the potential for bad decisions that fail to protect the environment, and also the
reality that collaborative decision making processes can drag out without yielding resolution
(Smith, 2011; Van Deusen, 2011). Some stakeholders may have responsibilities that simply do
not allow them to agree to a policy that is nevertheless critical to protect a species or ecosystem.
There is an analogy here to human and civil rights laws, which might not have gained approval
in a referendum, but which nevertheless stand as fundamental protections for individuals (Smith,
2011). In Mark P. Smith of The Nature Conservancy's view,
I think these processes are great for developing creative solutions. If you're looking for creative
solutions these processes are key to that. So I think these processes have high value in a fully
engaged stakeholder group trying to wrestle with it. If you come up with some new wonderful idea
that's a win-win that's fine, but ultimately the agencies have to make decisions and move on. So I
think that consensus is just one part, it's one outcome, [though] I think these types of processes are
invaluable in engaging stakeholders. That does not need to mean that one strives for consensus.
You need to shoot for fully informed decisions, and creative problem solving in particular.
Hopefully the agencies will help facilitate that - if there are creative solutions that come up, they
will actually adopt them and not just go back to what they've always been doing (2011).
For environmentalists, consensus is only one means for achieving the end goal of a balanced
water management system that protects the ecology of rivers and streams.
The Setting for Innovation
Precedents for Innovation
The prospects for innovative new policy approaches emerging out of the SWMI reflect,
in part, the precedents for such innovation in the past. Massachusetts already has relatively
advanced water management policies for a state in the eastern United States. The WMA
regulates most water withdrawals from surface waters and large withdrawals from ground water.
Many withdrawal permits under the Act now include provisions for residential water use
efficiency, reductions in system water losses, and seasonal or streamflow-triggered outdoor
water use restrictions. While involving less information and investment of resources than the
SWMI, the Stressed Basins and Index Streamflows reports marked earlier attempts by the state
to address instream flow issues through more sustainable water management. Advisory
stakeholder committees such as the 2004 Water Policy Task Force, the Massachusetts Basin
Stress Reclassification Task Force, and the Water Management Act Advisory Committee gave
both state staff and the principal interest groups experience with such models for collaborative
decision making (Abele, 2011; State manager, 2011). The 2004 Water Policy, in particular, laid
out a bold vision for engaging state agencies and local governments together around water
supply, wastewater, water quality and land use issues. It also called for SWMI-like effort to
define areas with stressed water resources, establish stream flow standards, and prioritize
restoration activities (MEOEA, 2004). And the state and USGS's great investment in watershed
science over the past decade has itself been an innovation, as information is a key piece of
integrated water resource management.
EEA's Objectives for the Process
When the Executive Office of Energy and Environmental Affairs (EEA) undertook the
SWMI in the fall of 2009 its objectives were to get advice for the Secretary of EEA from a broad
group of stakeholders on how to more sustainably manage Massachusetts water resources for
both human and natural uses. While EEA would be pleased to see the committees reach
consensus, they do not necessarily expect that to be possible, and hope rather to build broad
support behind specific policy approaches. A senior manager with the state's water program
emphasizes their intention that policies developed through the initiative be as scientifically and
technically grounded as possible, so as to be defensible under potential legal challenges. As a
result, the state has begun the development of proposals from the science, incorporating wider
policy considerations only later (State manager, 2011). This senior manager does not mention the
generation of innovative policy approaches as an objective of the process, but another official
speaks of the state's recognition of how complicated the questions at hand were, and the
realization that state agencies working on various water resource issues as well as a wide range
of both technically and policy-oriented stakeholders would need to be involved (State manager,
2011). And EEA's website for the process mentions integrated water resource management,
describing the Advisory Committee's mission as,
to inform MassDEP in its implementation of the Water Management Act and its new
determination of Safe Yield. They will also examine application of the new methodology to other
water-related statutes and requirements, including possible incentives for integrated water
management programs at the regional and municipal level (MEOEEA).
Mark P. Smith of The Nature Conservancy recalls that while the SMWI focused from the
beginning on the two questions of safe yield and stream flow criteria, EEA framed these issues
within the broader water resource management context of the state (2011).
The SWMI as an Innovation in Itself
The SWMI, in its creation and the course of its discussions, itself represents an
innovation. The state has wrestled with water management issues for years, but the commitment
of political, staff, and financial resources to the initiative, the wide engagement of stakeholders,
and the duration and regularity of the process together mark a significant change. Granted, the
future of the process remains unclear, but multiple participants speak to the unquestionable value
of the knowledge generated and shared (State manager, 2011). Jennifer Pederson of the MWWA
speaks to the new willingness of state staff like David Cash, Undersecretary for Policy at EEA,
to listen to their concerns, and Mark P. Smith of The Nature Conservancy to the opportunities he
has had to sit down in small-group discussions with water suppliers (Pederson, 2011; Smith,
2011). Two senior state managers both point out that the state staff's now deep familiarity with
the USGS studies will inform their scientific, management, and regulatory activities going
forward, even if larger political questions remain unresolved (2011). In Stephen Estes-
Smargiassi of the MWRA's words,
Simply having better information about every river means that the water resource planners at the
local level and the water permitting agencies - the EPA and the [DEP] water management
program - will be able to have some more substance as they're working. So that's beneficial. I
think that it's been beneficial because it's closed off some areas ofjust craziness - 'This is true,'
when the data says it's not. It probably provides the environmentalists with some additional angles
to deal with smart growth locally, which is probably good (2011).
The question is whether this process - innovative for Massachusetts in that it reflects the
participatory and integrative ideas of IWRM, but limited in time and mandate - can craft and
build support for new, even more innovative policies.
Likely Products of the SWMI
According to a senior manager with the state's water program, the likely products of the
SWMI will be one or more policy documents that the state will bring before the Water Resources
Commission (WRC), the state body with the statutory authority to set policies and guidance for
the DEP's enactment of WMA regulations. As the state puts proposals before the Advisory
Committee, state staff will collect the group's feedback and craft policy documents under the
Secretary of EEA and, in the case of WMA regulations, the DEP Commissioner's guidance.
These policy documents may be more or less detailed, perhaps a fairly detailed quantitative
equation for calculation safe yield, or maybe a simple qualitative statement that safe yield
includes an environmental protection factor; the state has not figured that out yet. After giving
the Advisory Committee a last opportunity to comment, those policy documents might go before
the WRC for consideration. While some individual stakeholders in the SWMI process also sit on
the WRC as public members, EEA and state agency representatives hold the majority of the
votes, and so the commission would likely adopt any proposed state policies emerging from the
SWMI process after public hearings and comments and a vote. The WRC's adoption would
begin to institutionalize the state's policy ideas emerging out of the SWMI process (State
manager, 2011). The DEP would then work to incorporate these policies into its WMA
regulations and permits. These permits across the state come up for 20-year renewal or 5-year
review at different times, with permits for a given planning basin usually processed concurrently
to facilitate basin-wide consideration of issues (State manager, 2011).
Constraints on Innovation
The state staff expect that there may be legal challenges to any new water management
policies, given the history of the past decade and the difficulties of securing every stakeholder's
support. This is one reason why the state has been so careful to ground the discussions in strong
scientific and technical information (State manager, 2011). Prior to any court challenge, though,
stakeholders would likely oppose new policies during the drafting of regulations. During this
phase advocates could speak at public hearings, and submit written comments on the proposed
regulations before DEP finalizes them and submits them to the Governor's and other state
offices. Stakeholders who still felt that the new regulations were inconsistent with the Water
Management Act or other state laws could file lawsuits to clarifying the judiciary's interpretation
of the statute (State manager, 2011). Legal challenges might likely focus on the DEP's leeway in
interpreting the Water Management Act in regulations. And if advocates on one side of the issue
or another were to feel strongly that the DEP was misconstruing the legislature's intent in the
WMA, they might build pressure for an amendment to the act. As Stephen Estes-Smargiassi of
the MWRA explains,
You can't have an outcome on a law that causes the law to be changed. That's an unsuccessful
outcome. You always have to be careful as an environmental agency - you know, watching EPA
right now nationally on greenhouse gases and a Republican Congress - if the law allows you to do
something that the lawmakers did not intend, and which they find unsatisfactory, the law may no
longer allow that ... enough people will complain to the right people and the law will be modified
to change that (2011).
The state is exploring through the SWMI process how it can more sustainably manage water
withdrawals under the WMA, but the social values written into the Act constrain the state's
ability to act based on the scientific and technical information. It may only be able to go so far
without a new mandate from the state legislature. The political landscape is difficult to predict
though. Mark P. Smith of The Nature Conservancy points out that major policy change requires
leadership and a policy window, some catalyst like a lawsuit or a significant change in the
context that will align political forces behind a shift (2011).
More broadly, the state may lack the leverage to influence water resource management in
the directions it would like to. For example, EPA has not delegated to Massachusetts the
authority to issue NPDES permits for either point sources or stormwater (Abele, 2011). And
while the USGS "Fish and Habitat" study has underlined the importance of impervious cover, the
state government's leverage over local land use planning activities is limited. The state's
influence would go further if it had more funds to incentivize local actions; given the current
state fiscal situation those options may be limited (State manager, 2011). And while the state can
regulate the water supply community, at some point water suppliers will run up against their own
fiscal limitations - due to their dependence on the volume of water sales for revenue, which has
been declining - and balk at proposed changes (Slaughter, 2011; Smith, 2011). Water utilities
within municipal governments are only in worse shape, burdened by widespread fiscal shortfalls.
There are clear boundaries on any conversation -just as Massachusetts laws do not allow a river
to run dry, so too would they not allow a municipality to completely run out of water (Smith,
2011; State manager, 2011). But in the middle area there are many complications. For example,
it would be very controversial if DEP regulations were to simply require a community to
completely stop using water supply infrastructure that it had invested millions in, because its use
was too detrimental to instream flows (Estes-Smargiassi, 2011). Many other barriers will be
institutional, requiring the state to figure out relationships among regulatory agencies,
municipalities, and private companies to impact water and land use practices that do not fall
under any clear statewide line of authority (State manager, 2011).
Possible Areas of Innovation Emerging in the SWMI
Over the course of the SWMI numerous ideas have emerged for innovative policy
approaches that would advance the integration of policies and management activities that
influence Massachusetts water resources. Broadly, these break down into proposals that would
offset the effects of water withdrawals, better integrate different state and federal regulatory
programs, coordinate regional water supplies and land use planning, advance adaptive
management, and focus decision making on producing multiple benefits for diverse stakeholders.
None of these ideas are guaranteed - or even necessarily likely - to become reality through the
ongoing SWVMI, but their discussion at the committee meetings or among participants represents
an outcome of the process.
Offsets to Mitigate the Effects of Water Withdrawals and Other Stressors
Two central challenges in the SWMI are the finding that impervious cover has a greater
impact than WMA-regulated water withdrawals on the health of stream environments, and the
state government's limited control over local land use policies. Therefore, an important area of
exploration within the initiative has been how to leverage the WMA to bring about changes at
the local level that benefit aquatic ecosystems. One innovation, which DEP has already
introduced for renewed permits in basins classified as high and medium stress in the "Stressed
Basins" report, requires permittees to conduct offset feasibility studies exploring certain
mitigation actions if their water withdrawals exceed a baseline value (Pederson, personal
communication). The state staff are currently developing a similar scheme for inclusion in a
proposal linking review and approval for new WMA withdrawal permits to the current condition
of rivers and streams, as assessed through data in the "Massachusetts Water Indicators" report.
Such actions could include better stormwater management, reductions in effective impervious
cover, or sewer repairs to limit the infiltration and inflow of groundwater and stormwater,
respectively, to wastewater treatment systems, among other measures. In essence, this approach
would use the DEP's authority over water withdrawal permits in conjunction with new
streamflow standards to direct water supplier resources toward mitigating stressors on streams,
with options including those not directly tied to water withdrawals. Unfortunately, the authority
that WMA permittees have over such issues varies, as they may be municipalities, independent
water utilities, industries, or golf courses (State manager, 2011). As a senior manager with the
state's water program comments, water suppliers only have a certain amount of control over
what happens in the communities where they operate, and it may be difficult for them to address
issues like infiltration and inflow to a wastewater system that are outside their purview, even if
an offset program would give them credit for improvements in that area. There are many
relationships that would need to be resolved to bring about change at the local level (State
manager, 2011). Thus, this mechanism would not overcome entirely either the water suppliers'
primary obligation to their ratepayers nor the local governments' chronic funding shortfalls and
competing priorities like schools and police and fire protection (Pederson, 2011).
MWWA representatives in the SWMI Management Tools Workgroup have therefore put
forward the idea of a "Go With the Flow" program. This proposal builds off the model of the
Massachusetts Green Communities Act, which provides municipalities with funding for energy
efficiency projects if they enact certain changes. Under the "Go With the Flow" proposal,
communities would receive grants or other financial incentives in return for efforts to reduce
impacts on water resources, such as infiltration and inflow improvements and better stormwater
management (State manager, 2011). An obvious shortcoming of this approach is the poor fiscal
situation in Massachusetts at this time, which will limit the availability of grant funding. Other
approaches could incentivize developers of housing or commercial projects to take actions
protecting water resources (State manager, 2011).
Environmentalists agree with the water suppliers broadly on the value of mitigation to
offset impacts, but not necessarily on how it should occur or who is responsible for it. Watershed
advocates want to see changes to land use and stormwater management practices, which impact
rivers and streams, integrated into better water resource management. In the words of Margaret
Van Deusen of the CRWA,
If you can keep water local and if you can clean it and put it back in the ground close to where it
was originally withdrawn, we're sustainable. So it's really about re-creating the natural hydrologic
cycle that has been obviously very much altered by anthropogenic impacts and actions (2011).
Disagreement has focused on whether water suppliers, municipalities, or state agencies would be
responsible for mitigation, the sources of funding, and how exactly mitigation would fulfill water
suppliers' regulatory compliance responsibilities. As Jennifer Pederson of the MWWA describes
her organization's position,
We have agreed in part that offsets and mitigation could play a role in addressing some of these
issues, but water suppliers have a very limited purview ... [and] can't be responsible for changing
impervious cover - I mean maybe a little through offsets, but not to the extent that it needs to take
place. And so I think because we are under this regulatory hook, the watershed groups rely on that
- the Water Management Act is where the state has control (2011).
And of course, the goals of accurate safe yield calculations and protective stream flow standards
to be developed through the SWMI will influence the degree of mitigation that would be
required for existing water withdrawal volumes (Van Deusen, 2011). Mark P. Smith of The
Nature Conservancy emphasizes that, just as with water quality issues, it is clear standards that
will most effectively drive state permit decisions and financial commitments by water suppliers
and municipalities to ensure adequate stream flows (2011). If the state requires water suppliers to
conduct mitigation, the complexity of the systems involved may make it difficult to calculate the
mitigation benefit necessary to offset the impact of a given water withdrawal volume (Weiskel,
2011).
Coordinating State and Federal Regulatory Programs
While proposals for mitigation through offset requirements and incentives seek to bring
about improvements in water resource management at the local level, participants have also
identified the need for changes in the coordination of state and federal regulatory programs.
Different agencies and regulatory programs in the federal and state governments hold
independent but sometimes overlapping responsibilities over the quantity and quality of
Massachusetts water resources. For example, the Massachusetts DEP regulates water
withdrawals under the WMA, but the federal EPA regulates wastewater treatment plant
discharges, which both affect the flows in the state's rivers. And the EPA holds authority over
stormwater permitting, including new stormwater management requirements that any offset or
incentive program under the WMA will need to account for to determine what additional benefits
would be mandated. Theoretically, at least, the EPA and DEP could integrate, both within and
across the agencies, the various water supply, wastewater, and stormwater programs they
oversee, programs that tend to be quite siloed. Streamflow criteria developed through the SWMI
and adopted by the Water Resources Commission could, then, be a step towards the coordination
of regulatory programs. For having common goals across the programs and agencies would
greatly further the integrated protection of water resources. As it is, different policies such as the
WMA and the Massachusetts water quality standards under the Clean Water Act often use
different definitions and metrics (Abele, 2011).
Leveraging the State's Regional Water Supply System
Another significant challenge in the SWMI is the geographic overlap between areas of
rapid urban development and basins with significant water stress. The Ipswich River Basin north
of Boston and the 1-495 corridor wrapping around the western side of the Boston metropolitan
area, in particular, have accommodated much of the region's growth with limited supplies of
water drawn from stressed streams and rivers. These patterns of development and water use
transcend local concern and, arguably, could merit a state-level solution. Participants in the
SWMI have noted the tremendous asset that Massachusetts has in the Massachusetts Water
Resources Authority's large over-year storage in the Quabbin and Wachusett Reservoirs and
regional transmission and distribution networks (Smith, 2011). The MWRA could potentially
supplement or replace local water sources in communities that want to allow additional growth
and cannot sufficiently reduce water demand (Estes-Smargiassi, 2011). Local communities tend
to oppose this because they prefer local control and joining the MWRA service area requires
building expensive connections to the system, a steep contribution to pay for the existing
infrastructure investments, and higher water rates. Nevertheless, in recent years the towns of
Reading and Wilmington, in the headwaters of the Ipswich River on the northern edge of the
Boston metropolitan area, have switched in whole or in part to MWRA water from western and
central Massachusetts. According to Peter Weiskel of the USGS, recent modeling work by the
USGS suggests that Reading's halt in water withdrawals from the Ipswich River has increased
instream flows in its upper reaches during the dry summer months (Zimmerman et al., 2010).
Adaptive Management and Climate Change
Stephen Estes-Smargiassi of MWRA has highlighted in SWMI discussions the scientific
uncertainty around the physical and ecological improvements to be expected from decreased
water withdrawals or other mitigation actions (2011). Peter Weiskel of USGS comments that,
The responses of the physical, hydrological system, of the basin hydrology to management
changes can be very quick and significant, and immediately observable. But, the ecological
response is not necessarily something that happens on time scales of a year or two or three or
four. And some of the disturbances have been long standing and profound (2011).
A senior state manager acknowledges that there is uncertainty in the pace and extent of the
ecosystem response, but asserts that there is little question that such steps would yield real
benefits (2011). Nevertheless, participants have proposed adaptive management as a possible
solution, acknowledging that science will not yield firm answers, but that by monitoring results it
may be possible to adjust regulations and programs to more effectively achieve their objectives.
Sarah Slaughter of MIT, who sits on the Advisory Committee, has suggested considering new
approaches such as real-time monitoring, reporting, and feedback to inform adaptive
management of water withdrawals. Instead of focusing so strongly on previously-assessed
'current' conditions in drafting new policies for WMA permits, such an approach might tie
permissible withdrawal volumes to the real-time flows in rivers and streams. Adaptive
management could also address concerns about the accuracy of the USGS SYE model, because
comparison of modeled and actual flows could reveal any problems that needed correcting.
Slaughter emphasizes that such real-time responses become all the more important when there is
little room for error in highly impacted, fragile ecosystems. Waiting for the five-year review of a
given WMA permit to make adjustments might not be fast enough to avert the consequences of
any miscalculations in the initial water management policies, or to respond to dynamic change in
the state's water systems, as under climate change (Slaughter, 2011). In Slaughter's words,
What it does is provide a heads up for everybody, saying we didn't realize this, but there's
something else that's going on. And because no model is perfect, no policy is perfect, and
everybody knows that, and it used to be that we had enough slack in the natural systems as well as
slack in the human systems that 15 years [between permit renewals] was actually pretty fast. But
we don't have any more slack in either system, and so we need to be able to develop faster
feedback loops and faster triggers to modify the policies (2011).
She notes, however, that such a system would require a significant investment in equipment,
maintenance, and analysis capabilities that it would not be easy for the state to take on in the
current fiscal situation. Fortunately, the technologies needed for real-time monitoring are
advancing quickly and becoming more accessible (Slaughter, 2011).
One of the principal uncertainties that new regulatory approaches emerging from the
SWMI will confront sooner or later is the effects of climate change. Peter Weiskel of the USGS
explains that the SWMI has purposely bracketed off the question of climate change because the
40 years of data incorporated in the SYE tool already encompass a great deal of climate
variability and there is a large amount to figure out with water management just under the current
climate conditions. In his mind, the best preparation for the effects of climate change will be
having an effective system to manage water resources in place, even if that later needs to be
adjusted to account for climate shifts. Moreover, the USGS models underlying the watershed
studies can easily accommodate different precipitation and temperature conditions as inputs to
simulate and explore the consequences of various climate scenarios. So when the state and other
stakeholders are ready to think about climate change, the USGS will be prepared to help inform
the discussions with scientific and technical information (Weiskel, 2011).
Innovation in Multi-Stakeholder Decision Making
A final area of possible innovation within the SWMI is in the process of decision making
itself, namely an explicit effort to build support among disparate parties through the creation of
multiple benefits. Focusing on the process of decision making rather than specific policy
outcomes, this approach would acknowledge the legitimacy of each stakeholder's needs but
emphasize that no party would necessarily get everything they hoped for. Instead, stakeholders
could be assured of a fair and clear process to seek out solutions to meet all parties' needs to the
extent possible. In the context of sustainable water management in Massachusetts, this could
mean working to reform water rates and water rate structures to promote conservation and make
sustainable decisions by water suppliers more financially viable. It could also mean greater
attention within a goals setting process to managing rivers to meet multiple needs. The Nature
Conservancy has promoted many of these ideas in its work with multi-stakeholder management
processes around the country, and in presentations and discussions within the SWMI (Smith,
2011).
Analysis of Possible Areas of Innovation
Table 2: Innovative Policy Ideas That Have Emerged Through the SWMI
Innovation Contribution to IWRM Feasibility
Leverage WMA regulation of water Offset feasibility studies are already
Offsets to Mitigate withdrawals to generate mitigation work required in some WMA permits, and a
Water Withdrawal addressing a broader range of stressors, current state proposal would condition
Impacts particularly impervious cover the approval of WMA permits for
increased withdrawals on mitigation
work
Incentivize municipalities to modify land Would require state or federal funding,
Incentives for use, development, and environmental both unlikely in the short term
Mitigation policies to mitigate impacts on water
resources
Create greater consistency in the A longer-term task, but the SWMI's
Coordinating State and objectives and implementation of engagement of EEA together with three
Federal Regulatory complementary regulatory programs state agencies represents a start, and
Programs across departments, agencies, and levels clear goals and standards would
of government facilitate integration
Capitalize on existing infrastructure Politically difficult and only a viable
Leverage MWRA investments to accommodate water option for certain communities, but two
Water Supplies demand through abundant regional precedents exist for doing this
supplies rather than stressed local water
sources
Acknowledge the provisional nature of The five-year reviews of WMA permits
any water management solution, enable some adaptive response, but a
Adaptive Management providing a framework for ongoing larger commitment to adaptive
information gathering to inform policy management would require both
adjustments funding for ongoing study and a new
model for policy making
a o Account for the likely shifts and increased Not on the table in the SWMI process,Consideration of variability of climate that water but the USGS models underlying theClimate Change management will need to accommodate process could support the exploration of
climate scenarios
Build stakeholders' investment in Can take place immediately within the
Consensus Building participatory water management processes SWMI process, although the
Through Focus on by seeking to meet their legitimate stakeholders' advisory roles mean they
Creating Multiple interests while advancing longer-term do not necessarily have incentives to
Benefits objectives work together on mutually-beneficial
solutions
The possible innovations that participants in the SWMI have discussed would advance
the practice of integrated water resource management in Massachusetts through more
coordinated management, better use of information, and flexible and collaborative frameworks
for policy making. While some of these policy ideas are currently being developed in the SWMI
process, others remain aspirational. As Table 2 shows, only mitigation offsets are currently on
the table, but the Management Tools Workgroup has discussed a possible incentives program
and the Advisory Committee could adopt an explicit focus on meeting stakeholders' needs by
creating multiple benefits (Smith, 2011; State manager, 2011). Participants in the SWMI have
spoken to the need for adaptive management and all are aware that the MWRA's water supplies
and regional distribution system might be part of the eventual solution (Estes-Smargiassi, 2011;
Slaughter, 2011). Consideration of climate change will likely enter into subsequent USGS
studies and refinements of state policies, after the current reforms bring about more sustainable
water management under today's climatic conditions (Weiskel, 2011). Other potential areas of
innovation like achieving greater water use efficiency and introducing wastewater reuse and
recycling have not figured prominently in the SWMI process, framed as it is around the WMA's
regulation of water withdrawals. Nevertheless, they are wrapped up in the discussions that led to
the SWMI and remain on policy makers' minds. For example, WMA permits now require
communities to keep residential water use below 65 gallons per capita per day, and the Water
Resources Commission would likely require any community seeking access to MWRA water
supplies to first take significant steps to increase water use efficiency.
Chapter 6: Conclusion
The Massachusetts Sustainable Water Management Initiative represents an application of
some, though not all, best practices from the literature to tackle scientifically and technically
complex policy issues in a multi-stakeholder, collaborative setting. Built around an impressive
body of scientific research on the current conditions and sources of degradation in Massachusetts
watersheds, the process involves a range of stakeholders but retains a strong role for the state
agencies in interpreting the scientific information and developing policy proposals. Seeking
broad political support but not consensus, the process grants committee members opportunities
to comment and discuss, but does not take votes. Based on the course of meeting discussions and
written comments received, the state agencies continue to revise policy proposals and will
eventually enact changes to regulations under the Water Management Act.
This thesis asks the following questions in its examination of the Sustainable Water
Management Initiative: 1) How does the role of scientific and technical information (meaning
the development of science, the management of information, and interactions with stakeholder
perspectives) in an applied collaborative decision making process shape the potential for
developing innovative policy solutions? and 2) What insights from the literature resonate in
practical experience, and how can the messiness of a time- and politically-constrained decision
making process in turn inform the literature?
Scientific and technical information has played many roles in the SWMI process. The
development of watershed science over a decade or more reflected recognition that greater
understanding was needed to inform policy. The science in turn built recognition across the
Massachusetts water resources community of the need to address the stream flow needs of
aquatic ecosystems. Ultimately, the state's investment in research made possible the SWMI's
scientifically-based, and thus politically and legally defensible, policy making process. Yet, key
scientific and technical challenges that emerged in the development of watershed science have
continued to raise questions in the use of that information within the SWMI process. Just as
USGS and DFW experts produced the studies used in SWMI, so too have the state staff and
steering committee retained a primary role in shaping the policy proposals under discussion.
Their work has inevitably involved numerous professional judgments that are open to question
even where the underlying science is highly respected. Participating stakeholders have had
opportunities to request additional information and analysis, but time and capacity constraints
have in some cases limited their ability to engage deeply with the information. Despite their
overall high level of respect for the USGS studies, stakeholders have criticized aspects of the
science as well as its use within the process based on their political perspectives around water
resources. Water suppliers have been more critical than environmentalists of the science itself,
while both groups have been frustrated by the overlap between the questions the Technical
Subcommittee and Advisory Committee discuss, and the emphasis on characterizing current
conditions rather than explicitly setting goals. Moreover, the finding that impervious cover may
be a bigger factor impacting fish communities than flow alterations has led water suppliers to
question the process's primary focus on regulating water withdrawals through the Water
Management Act.
The dynamics around scientific and technical information in the process have shaped the
potential for spurring innovative policy approaches. The rigorous conduct and review of the
USGS studies has advanced their credibility and made possible a higher-level discussion of
solutions to reduce the stresses on Massachusetts waterways. The scientific finding that
impervious cover is an important stressor of aquatic ecosystems has encouraged participants in
the SWMI to seek tools like mitigation offsets and incentive programs to address impacts beyond
the water withdrawals regulated under the Water Management Act. Yet, the political lenses
through which participants view the science and its use within the process have made consensus
around any policy proposal unlikely. Even where watershed advocates and water suppliers
largely agree, such as on the value of mitigation, they disagree on how to implement the changes.
Where scientific questions remain unresolved, the need to move ahead on implementing policies
has led to calls for ongoing study within an adaptive management framework. Recognition of the
broad impacts that human activities have on water resources has prompted consideration of the
benefits of better coordinating the numerous state and federal regulatory programs that oversee
water resources.
The SWMI undoubtedly plays a significant role in the longer-term movement toward
integrated water resource management (IWRM) in Massachusetts. By integrating the scientific
and technical information gathered over the previous decade into a policy making process,
focusing the resources of the executive office and environmental agencies on jointly developing
a solution, and engaging stakeholders in a sustained and meaningful way, the SWMI itself puts
together some of the fundamental pieces that would underlie IWRM. Within the initiative, the
inclusion of a technical and a policy committee allows participating stakeholders to engage with
both the information behind proposals and the tradeoffs between different interests central to
policy decisions. The additional Management Tools Workgroup allows participants to
collaboratively develop proposals based on ideas that emerge in committee meetings. The
sidebar conversations that David Cash has encouraged have also provided spaces for such
conversations between water suppliers and environmental advocates. Many specific ideas have
emerged, either within the process or in external discussions among stakeholders, for solutions
built around an integrated approach - methods for leveraging Water Management Act permits to
achieve mitigation at the local level, state incentives for local policy changes, coordination of
state and federal regulatory programs, optimization of regional water supplies and distribution
systems, adaptive management, and multi-benefit approaches to collaborative decision making.
Whether these solutions will emerge directly out of the SWMI remains far from clear, but both
conveners and participants have noted how remarkable it is that the conversation is happening,
that the impacts of both water withdrawals and urbanization on aquatic ecosystems are so widely
acknowledged, and that the state has committed so many resources to finding new, better
approaches to sustainable water management in Massachusetts. The state's ultimate power to
create policy without being bound by the participants' views is an additional important factor.
The state's clear framing of the process as advisory only may enable officials to lift out and
implement innovative ideas even if the stakeholders do not build consensus around them.
Nevertheless, to actually achieve innovation, the state will need to build support both internally
within the environmental agencies and externally among the stakeholders, whose cooperation
and political support will be critical, around the new policy approaches as well as the mechanics
of implementing them.
The literatures on multi-stakeholder platforms and science in policy making contain
many insights relevant to applied decision making processes like the SWMI. Warner writes
about the variety of forms multi-stakeholder platforms take in aspects such as their inclusiveness,
clarity of goals, and focus on innovation, and Watson describes the role of collaboration in
problem formulation, information gathering, analysis, decision making, and implementation
(Warner, 2007; Watson, 2007). Participatory decision making offers access to knowledge, space
to explore perspectives, efficiency, greater buy-in, and improved relationships, but processes
must be carefully designed to advance the goals of IWRM (Warner, 2007; Watson, 2007).
Particular flaws to avoid include perception of bias, irrelevance, lack of outputs, and
disillusionment of participants. On the other hand, vision, resources, and adaptive structure can
yield independent, action-oriented multi-stakeholder platforms balancing participants' interests
and carrying agreements forward through implementation (Watson, 2007). Scholars have found
that in processes that focus on scientifically complex issues, the inclusion of scientific
information does not necessarily bring clarity, due to the many non-objective decisions that
figure in its development and its susceptibility to interpretation based on stakeholders'
perspectives (Ozawa, 1996; Lynn, 1986). Nevertheless, science can yield discovery, enable
accountability in decision making, justify decisions, and persuade audiences (Ozawa, 1996).
The design of the SWMI applies certain ideas in the literature about how best to organize
technical and policy discussions to build consensus on scientifically complex questions, while
diverging from others. The division between the Technical Subcommittee and policy-focused
Advisory Committee aims to vet scientific and technical information before using it to make
policy. It frames the former committee's role as generating agreement around scientific and
technical analyses and frameworks, and the latter's as a space for creative policy thinking. While
not entirely successful, this separation reflects Lynn's argument that scientists' and policy
makers' distinct roles should be clearly defined within a decision making process (1986).
According to Lynn, technical experts should focus on providing objective information to policy
makers, who are in turn best prepared to balance competing political and economic interests. In
the SWMI, state staff and the steering committee also play a prominent role, mediating the
movement of questions, proposals, and feedback between the Technical Subcommittee and
Advisory Committee, meaning that both committees effectively report to the state, rather than
the technical group responding directly to the policy committee. That is not to say that one
committee cannot pose questions to the other, which does indeed happen. Rather, it highlights
the extensive coordinating role that the state has found it necessary to play to keep the process
moving forward. Another strand of thinking in the literature argues that parties can more
effectively find agreement on complex issues, if discussions of technical, political, and economic
questions are brought closer together, rather than separated as in the SWMI. Specifically, in
Ozawa's model of joint fact finding, stakeholders guide the generation and interpretation of
scientific and technical information as an integral step in building consensus around solutions
that meet the parties' legitimate interests (1996).
More broadly, there are a number of points where design and implementation choices in
the SWMI diverge from the recommendations of the literature on collaborative decision making.
First, the convening executive office and state agencies designed the process with little input
from the stakeholders themselves. Second, the committees include members representing most of
the key organizations engaged on water issues in Massachusetts, but not necessarily the most
extreme watershed or water supply advocates, nor local politicians or other representatives of
economic development interests beyond the Massachusetts Municipal Association. Third, the
SWMI relies on USGS studies initiated well before the start of the process, and contains some,
but not extensive, opportunities for participants to request additional information. It therefore
does not follow the joint fact finding model, wherein stakeholders would have an opportunity to
frame what scientific and technical information they needed to make decisions, and then select
and oversee a group of relatively neutral experts to provide answers on those questions. Fourth,
the SWMI does not empower the committees to take votes to represent their views to the state.
Rather, the committee chairs record comments and get an overall sense of where members of the
committees stand based on discussion. This choice has implications for the general level of
engagement of participants, as well as for coalition dynamics and incentives to work together on
crafting win-win solutions. The state naturally retains the final statutory authority to draft
regulations, but has additionally made clear that, while it welcomes feedback, it does not promise
to adopt and implement any particular policy proposals discussed in the process.
Evaluating the SWMI against the Executive Office of Energy and Environmental Affairs'
objectives of seeking advice on and building support around new policies to more sustainably
manage water resources, the initiative has been broadly successful to date. State staff have
advanced far in the design of biologic and flow alteration metrics to characterize current
conditions in rivers and streams, and thus inform a proposed review process for water
withdrawal applications. Through a strong grounding in USGS science, much investment of state
staff time, and advice from technically and policy-knowledgeable stakeholders, the state has
advanced proposals that do promise to more sustainably manage water withdrawals and instream
flows. Through this opportunity to weigh in on both technical and policy aspects of the
proposals, a group of key stakeholders has become familiar with the logic and implications of
these approaches. Whether they will support the new policies the state issues following the
SWMI remains to be seen, but certainly the state has built wider support than it would have
without this engagement process.
This analysis suggests that even though the SWMI does not closely follow ideal models
in the literature, it incorporates enough elements - wide participation, policy making grounded in
science, committees tasked with addressing technical versus policy questions, and a political
investment in producing outcomes - to carry significant promise of advancing IWRM in the
state. True, the discussions may not yield anything approaching consensus, and stakeholders may
bring lawsuits to challenge new policies that the state adopts following the initiative. But the
state has a strong chance of achieving its goal of building broad understanding and support
around a scientifically and technically robust water management strategy. If the SWMI is
successful and the state convenes similar multi-stakeholder processes in the future, hopefully it
will reflect on this experience and draw further lessons from the literature to make decision
making more efficient, participatory, and innovative. For even if ideal models cannot always
practicably be applied in context, they still provide key insights that can have great bearing on
the success of complex stakeholder processes.
Therefore, when designing and evaluating collaborative decision making processes on
science-intensive policy issues, it is important to understand the context and the objectives of the
convening authority. Ideal models may work best when ample resources, time, and political will
are available; in other settings improvements, even incomplete, on previous modes of decision
making may be sufficient to meaningfully advance the larger policy discussion. Where great
innovations are needed - as with the challenge of bringing about integrated water resource
management in Massachusetts - experiments like the SWMI that open decision making, place
new emphasis on science, and get key stakeholders thinking and talking about innovations that
may need to occur are critical. It is too soon, of course, to judge the outcomes of the SWMI, but
the process's record to date suggests that it is a model that other decision making authorities in
Massachusetts and elsewhere should consider for addressing science-intensive policy questions.
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Glossary of Acronyms
ABF = Aquatic base flow
DEP = Massachusetts Department of Environmental Protection
DFW = Massachusetts Department of Fish and Wildlife, Division of Fisheries and Wildlife
DCR = Massachusetts Department of Conservation and Recreation
EEA = Massachusetts Executive Office of Energy and Environmental Affairs
ELOHA = Ecological Limits of Hydrologic Alteration (Poff et al., 2009)
EPA = U.S. Environmental Protection Agency
GIS = geographic information system
HSPF = Hydrologic Simulation Program - Fortran (a type of hydrologic model)
IRWA = Ipswich River Watershed Association
IWRM = integrated water resource management
MassGIS = Massachusetts Geographic Information System
MSPs = multi-stakeholder platforms
MWRA = Massachusetts Water Resources Authority
MWWA = Massachusetts Water Works Association
SWMI = Sustainable Water Management Initiative
SYE = Sustainable Yield Estimator
USFWS = U.S. Fish and Wildlife Service
USGS = U.S. Geological Survey
WFD = Water Framework Directive
WMA = Water Management Act
WRC = Water Resources Commission
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